We propose an alternative theory of gravity which assumes that background geometry of the Universe is fixed four dimensional Euclidean space and gravity is a vector field A k in this space which breaks the Euclidean symmetry. Direction of A k gives the time coordinate, while perpendicular directions are spatial coordinates. Vector gravitational field is coupled to matter universally and minimally through the equivalent metric f ik which is a functional of A k . We show that such assumptions yield a unique theory of gravity, it is free of black holes and to the best of our knowledge it passes all available tests. For cosmology our theory predicts the same evolution of the Universe as general relativity with cosmological constant and zero spatial curvature. However, the present theory provides explanation of the dark energy as energy of longitudinal gravitational field induced by the Universe expansion and yields, with no free parameters, the value of ΩΛ = 2/3 ≈ 0.67 which agrees with the recent Planck result ΩΛ = 0.686 ± 0.02. Such striking agreement with cosmological data indicates that gravity has a vector, rather than tensor, origin. We demonstrate that gravitational wave signals measured by LIGO are compatible with vector gravity. They are produced by orbital inspiral of massive neutron stars which can exist in present theory. We also quantize gravitational field and show that quantum vector gravity is equivalent to QED and, thus, it is a renormalizable theory. Vector gravity can be tested by making more accurate measurement of time delay of radar signal traveling near the Sun, by improving accuracy of the light deflection experiments or measuring polarization of gravitational waves. Resolving supermassive object at the center of our Galaxy with VLBA could provide another test of gravity and also shed light on the nature of dark matter.
A century ago, Albert Einstein completed the general theory of relativity [1] . Einstein's theory then became an accepted theory of gravity. In general relativity the space-time geometry g ik (metric tensor) is the gravitational field described by the action
where G is the gravitational constant, c is the speed of light and R ik is the Ricci tensor. The second term in Eq.
(1) describes interaction between gravitational field and matter with the rest mass density ρ(t, r). Variation of the action (1) with respect to g ik yields Einstein equations
where T ik is the energy-momentum tensor of matter. Einstein equations (2) are a consequence of the postulate that space-time geometry g ik is gravitational field. One should mention that so far general relativity was accurately tested only at weak gravitational field [2, 3] and thus it is not a theory fully confirmed experimentally. Observations of binary pulsars yet have not provided an accurate test of general relativity at strong gravity. Even though neutron stars in the binary systems are relativistic objects, they are sufficiently well-separated and all aspects of their orbital behavior and gravitational wave generation in general relativity are characterized only by their net masses and angular momentum. As a result, observations of binary pulsars tested Einstein equations for the weak time-dependent field and also the equivalence principle which guarantees effacement of the bodies (relativistic) internal structure. One should note, however, that strong internal gravitational fields of neutron stars can affect orbital dynamics and gravitational wave generation in alternative theories of gravity that violate the strong equivalence principle [2] [3] [4] . Only in this sense observations of binary pulsars is a test of strong gravity.
Recent direct detection of gravitational waves from a binary "black hole" merger by the LIGO team [5, 6] is also not an accurate test of strong gravity. Such detection was unable to constrain higher-order post-Newtonian parameters with a reasonable accuracy [7, 8] . Obtained bounds on relative deviations in the post-Newtonian parameters are of the order of O(1). We argue in Sec. XIV of this paper that the LIGO signal can be interpreted in the framework of vector gravity as being produced by a merger of massive neutron stars, rather than black holes, which yields radiation waveform compatible with LIGO data. We also demonstrate that stable neutron stars with a simple linear "causal" equation of state can have masses upto about 35M in vector gravity (see Sec. XIII). Neutron star mass can be much larger if "causality" constraint on the equation of state is not imposed. Moreover, as we show in Sec. XV, in vector gravity, compact objects composed of dark matter can have masses exceeding billions solar masses.
In 1998, published observations of Type Ia supernovae by the High-Z Supernova Search Team [9] followed in 1999 by the Supernova Cosmology Project [10] suggested that the expansion of the universe is accelerating. Since then, these observations have been corroborated by several independent sources. Measurements of the cosmic microwave background, gravitational lensing, and the large-scale structure of the cosmos as well as improved measurements of supernovae have been consistent with the Lambda-CDM model, which is the current standard model of cosmology. According to this model, a mysterious dark energy gives the main contribution to the Universe composition. Work done in 2013 based on the Planck spacecraft observations of the cosmic microwave background gave the most accurate estimate of about 68% of dark energy in the Universe [11] .
There are several unwanted issues about general relativity. E.g., it is not compatible with quantum theory; it can not explain why Universe is spatially flat; it does not provide a mechanism of matter generation at the Big Bang; and it can not explain the value of the cosmological term (mysterious dark energy). It also predicts existence of singularities such as black holes when a massive star collapses into a point with zero volume and infinite matter density. One can argue that general relativity becomes invalid in the vicinity of singularities and a quantum theory of gravity will remove them. In contrast, the present theory is free of such singularities at the classical level. Namely, the end point of a gravitational collapse is not a point singularity but rather a stable star with a reduced mass. One should mention that black holes have never been observed directly and "evidences" of their existence are based on the presumption that general relativity describes gravity for strong field. Until signatures of the event horizons are found the existence of black holes will not be proven.
Here we propose an alternative theory of gravity which is a Lagrangian-based vector field theory in fixed four dimensional Euclidean space. The present vector theory is a metric theory of gravity [2] which means that space-time is endowed with a symmetric equivalent metric f ik formed out of the vector field and Euclidean metric. Matter and nongravitational fields respond only to the space-time metric f ik . The world lines of test bodies are geodesics of that metric and in local freely falling frames the nongravitational laws of physics are those of special relativity. Our theory is prior-geometric for it contains the fixed background Euclidean geometry (Euclidean metric) and gravity is a dynamical four-vector field in this geometry which generates the space-time curvature (equivalent metric f ik ).
We show that vector theory of gravity passes all available tests. At strong field our theory substantially devi-ates from general relativity and yields no black holes. For cosmology the present theory gives the same evolution of the Universe as general relativity with cosmological constant and zero spatial curvature. However, zero spatial curvature of the Universe is a solution of our equations, while in general relativity the spatial curvature is a free parameter. Moreover, the vector theory of gravity yields, with no free parameters, the value of the cosmological constant Ω Λ = 2/3 ≈ 0.67 which agrees with the recent Planck result Ω Λ = 0.686±0.02 [11] . Such striking agreement is a strong argument in favor of the vector nature of gravity.
Physical explanation of the dark energy (cosmological term) in our theory is the following. Expansion of the Universe yields change of spatial scale with time which can be viewed as an increase of the distance between masses. This generates matter current directed away from an observer. Such current induces longitudinal vector gravitational field in a similar way as electric current creates vector potential in classical electrodynamics. Average energy of the longitudinal gravitational field induced by the Universe expansion is the mysterious dark energy. Contrary to matter, it has negative energy density and accelerates expansion of the Universe.
Vector gravity also suggests a mechanism of matter generation at the Big Bang without involving an additional hypothetical field (inflaton). Namely, matter was created at the expense of production of negative energy gravitons and the gravitational field itself caused the stage of inflation and heated up the Universe. According to the vector gravity, the total energy of the Universe (which includes the energy of matter and gravitational field) is equal to zero.
As we show in Sec. XI, quantization of vector gravity yields quantum theory which is equivalent to QED. Therefore, quantum vector gravity is a renormalizable theory and, thus, it can make meaningful physical predictions at the quantum level. Compatibility of vector gravity with quantum mechanics is another strong argument in its favor.
A remarkable feature of our theory is that equations for gravitational field can be solved analytically for arbitrary static mass distribution (see Sec. VI). If point masses are located at r 1 , r 2 , . . . r N then exact solution for the equivalent metric is 
where
and m k (k = 1, . . . , N ) are constants determined by the value of masses. Solution (3) is free of black holes: photons with a radial velocity component can always escape from gravitationally compact objects. In recent years, the evidence for the existence of ultra-compact supermassive objects at centers of galaxies has become very strong. It is important to note that present solution (3) not only argues that such objects are not black holes, but also can explain quantitatively their observed properties and give us a hint about composition of dark matter (see Sec. XV and Ref. [12] ). Before we proceed with building the vector theory of gravity we discuss an algorithm that we use to construct the theory. Classical electrodynamics is an example of a successful field theory which is very well tested. It postulates that electromagnetic field is a four dimensional vector A k in Minkowski space-time. The conserved 4−current density j k is the source of the electromagnetic field which is coupled to A k through the Lorentz invariant term in the action
Such postulate allows us to construct classical electrodynamics in a unique way using symmetries of Eq. (5) . Namely, conservation of current yields that S coupl is invariant under the gauge transformation A k → A k + ∂ψ/∂x k . Action for the electromagnetic field S field must possess the same symmetries as the coupling term S coupl , namely, it must be Lorentz and gauge invariant. Such a requirement, together with the condition that S field must be quadratic in field derivatives yields a unique answer for S field
(6) Variation of the total action of the system S = S field + S coupl + S matter with respect to A k yields Maxwell equations and variation with respect to the particle trajectories gives the Lorentz force. Thus, the whole classical electrodynamics is uniquely assembled from the structure of the coupling term (5) .
In the next sections we will use the same algorithm to construct the classical vector theory of gravity. Namely, first we postulate how the gravitational field is coupled to matter. Then, using symmetries of the coupling term, we uniquely assemble the total action and obtain the classical field equations from the variational principle. One should note that symmetries of the coupling term in vector gravity are very different from the symmetries of Eq. (5) . As a consequence, the vector theory of gravity substantially differs from classical electrodynamics.
When we make a transition from the classical to quantum electrodynamics we must make an additional assumption, namely, that the quantum of the vector filed A k , the photon, is an elementary particle. This postulate yields that photon is a boson because fermion field does not transform as a vector. However, a product of two fermion fields can transform as a vector. E.g., a fourvector field A k can be created from a fermion-antifermion pair as [13] A k = Ψ + γ 0 γ k Ψ, where γ k are 4 × 4 gamma matrices and Ψ is the fermion field. In this regard there is an interesting proposal that the photon is not an elementary particle but rather a composite particle formed of fermion-antifermion pairs (the so called composite theory of photon). The idea that the photon is a composite particle dates back to 1932, when Louis de Broglie [14] suggested that the photon is composed of neutrino-antineutrino pairs. Recall that many composite bosons, such as Cooper pairs, atoms with total integer spin, deuterons, pions, and kaons, are not perfect bosons because of their internal fermion structure, however in the asymptotic limit they are essentially bosons [15] . This suggests that photon could be a particle composed of spin−1/2 fermions as well. Work on the composite theory of photon continues to be of some interest [15] [16] [17] [18] [19] .
The present paper deals with the vector gravity, rather than photons. However, as we show, the measured value of the energy loss by binary stars due to emission of gravitational waves can be explained in the vector gravity only if the quantum of the vector gravitational field (the graviton) is a composite particle formed of fermionantifermion pairs. This fact makes a link between vector gravity and the composite theory of photon. We quantize gravitational field in Sec. XI assuming that graviton is a composite particle and obtain a remarkable result that quantum vector gravity is equivalent to QED.
One of the motivations for the composite photon theory is lack of a well defined wave function for a single photon. In particular, the authors of the classic book on Quantum Optics [20] say: "There is, strictly speaking, no such a thing as a photon wave function". If this is the case, in order for QED to be compatible with first quantization the photon can not be an elementary particle, but rather a particle composed of fermions. Recall that for fermions, described by the Dirac equation, the wave function is well defined. Hence, the assumption that photon is composed of fermions seems natural. For QED such assumption yields essentially no detectable experimental consequences (see Sec. XI and Ref. [15] ). However, as we show in Sec. XI, for quantum vector gravity the consequences are dramatic.
II. POSTULATES OF THE VECTOR THEORY OF GRAVITY
The present vector theory of gravity is based on four postulates:
1. Background geometry of the Universe is a fixed four dimensional Euclidean space with metric δ ik =diag(1, 1, 1, 1). Such space is completely isotropic and has no preferred directions.
2. In the four dimensional Euclidean space there is a dynamical 4−vector field A k (the gravitational field) which breaks the symmetry. Namely, direction of A k is now preferred and this direction becomes the time coordinate. Directions perpendicular to A k are three spatial coordinates.
3. Vector gravitational field is coupled to matter and all nongravitational fields through the equivalent metric f ik which is an algebraic function of A k and the background Euclidean metric δ ik . Gravitational field couples universally and minimally to all the fields of the Standard Model by replacing everywhere the Minkowski metric η ik with the equivalent metric f ik and replacing partial derivatives with covariant derivatives formed from f ik . In particular, the trajectories of freely falling bodies are geodesics of the equivalent metric f ik . Action for a point particle with mass m moving in the gravitational field reads
where c is the speed of light. Action (7) has the same form as in general relativity, however, the tensor gravitational field g ik of general relativity is now replaced with the equivalent metric f ik . One should note that the Einstein equivalence principle is a consequence of the action (7). 4. The quantum of the vector field A k (the graviton) is not an elementary particle, but rather it is a composite particle formed of massless fermion-antifermion pairs. Emission and absorption of a graviton corresponds to creation and annihilation of particle-antiparticle pairs.
For construction of the classical equations for the vector field A k it does not matter whether the graviton is an elementary particle or a composite particle. However, processes involving gravitons, e.g. emission of gravitational waves, might depend on the graviton composition. The present vector theory of gravity can quantitatively explain the energy loss by binary stars orbiting each other provided that graviton is a composite particle.
The postulates 1-3 outlined above allow us to construct the classical vector theory of gravity in a unique way using symmetries of the action S matter (7). Such symmetries uniquely specify the structure of the total action. We proceed with assembling the classical theory in the next sections.
III. EQUIVALENT METRIC
In Appendix A we show that Einstein equivalence principle yields the following unique expression for the equivalent metric f ik in terms of the vector field A k and the background Euclidean metric δ ik
Throughout the paper we use the usual conventions. Namely, unless otherwise noted, there is summation over repeated indices. Lower case Latin indices (i, k, l, ...) label four dimensional coordinates (range 0, 1, 2, 3), while lower case Greek letters α and β denote spatial coordinates (range 1, 2, 3).
In Cartesian coordinate system if we chose x 0 −axis along the direction of A k the equivalent metric is diagonal and reads
Since A k is a dynamical variable one can make a transformation A k → F (A)A k , where F is an arbitrary function of A. Such a transformation changes the norm of A k . It also modifies the expression for the metric (8) and field equations. However, the physical answer, e.g., motion of particles in gravitational field is independent of how we normalize the vector field. Thus, we can choose the field normalization in any suitable way.
Instead of A k , it is convenient to introduce new independent functions, a scalar φ and a unit vector u k , according to the relations
The vector u k has the unit norm
In terms of the unit vector u k and the scalar φ the equivalent metric (8) reads
while metricf ik inverse to f ik , defined asf
In the present paper raising and lowering of the indices is performed using Euclidean metric δ ik , unless otherwise stated. We denote determinant of f ik as f . Equation (9) yields
One should note that in the literature there were attempts to construct a vector theory of gravity in background Minkowski (rather than Euclidean) metric η ik =diag(1, −1, −1, −1) by Rastall [21, 22] and by the author [23] . The equivalent metric obtained in such theories has a form similar to our Eq. (9) in which Euclidean metric δ ik is replaced with −η ik and cosh(2φ) is replaced with sinh(2φ). However, the main achievement of the present paper compared to the previous work on vector gravity is the discovery of the correct way of building the action for the gravitational field S gravity based on symmetries of the coupling term S matter . In the previous attempts to construct the theory S gravity has not possessed symmetries of S matter which yielded no success.
IV. ACTION FOR GRAVITATIONAL FIELD
Next we construct action of the system in terms of φ and u k . The total action for the gravitational field and matter is given by
where S matter is the action of matter written in curvilinear coordinates with the metric f ik . We obtain the action for the gravitational field S gravity using the requirement that symmetries of S matter and S gravity must be the same. S matter possesses the following symmetry: it is invariant under coordinate transformations that leave background Euclidean metric δ ik intact. This symmetry is exact. In addition there are approximate symmetries. For small deviations of φ from a constant value φ 0 and small deviations of u k from (1, 0, 0, 0) in the rescaled coordinates
the equivalent metric is given by
α = 1, 2, 3 and η ik =diag(1, −1, −1, −1) is the Minkowski metric. For small deviations of f ik from the Minkowski metric we obtain [24] δS matter = − 1 2c
where T ik is the energy-momentum tensor of matter. One can see that in the rescaled coordinates the action S matter is independent of the background cosmological field φ 0 . This is one of the symmetries of S matter . Another symmetry can be found by taking into account Eq. (15) and approximate energy conservation in the Minkowski metric
which yields that action S matter is approximately invariant under the gauge transformation
upto the terms quadratic in the mass velocity V . Here ψ is an arbitrary scalar function.
In addition, there is approximate Lorentz invariance. Namely, the line element that enters the matter action (7) can be approximately written in the metric (13) as
which is invariant (upto the terms of the order of V 3 /c 3 ) under transformation
h 00 → h 00 1 + 2V
where V is a constant (velocity) vector and α = 1, 2, 3. In Eq. (17) h 0α and dr/dx 0 are of the order of V /c. Requirement that S gravity must also possess these symmetries, namely, S gravity should be invariant under Euclidean transformations; for small deviations from the background field be independent of φ 0 after scaling transformation (12) ; and approximately invariant under the gauge (16) and low-velocity Lorentz (18) , (19) transformations, allows us to find S gravity uniquely 1 . In Appendix B we obtain that the gravitational field action in the background four dimensional Euclidean space is
(20) where G is the gravitational constant.
Action (20) is written in Euclidean metric, it has no free parameters and serves as a foundation of the present theory of gravity. Our derivation of the action (20) is unique and, hence, the classical vector theory of gravity is also a unique consequence of the postulates 1-3.
V. EQUATIONS FOR CLASSICAL GRAVITATIONAL FIELD
Taking variation of the total action (11) with respect to φ and unit vector u k yields four equations for the classical gravitational field in the background Euclidean space (see Appendix C for derivation details)
where T ik is the energy-momentum tensor of matter, T = T mk f mk is the trace of the energy-momentum tensor andf ik is the metric inverse to f ik given by Eq. (10). The right hand side of Eqs. (21) is the source of the gravitational field.
Equations (21) for the scalar φ and the unit vector u k are the main equations of the vector theory of gravity. They are written in Euclidean metric which means that raising and lowering of indexes is carried out using metric δ ik =diag(1, 1, 1, 1). Equations (21) play the same role in vector gravity as Einstein equations in general relativity.
In our theory the motion of particles in gravitational field is described by the same equation as in general relativity
where ds = f ik dx i dx k . In Eq. (22) the metric g ik of general relativity is replaced with the equivalent metric f ik . We obtain equation of particle motion in Appendix D.
Next we explore solutions of the classical gravitational field equations (21) for various cases.
VI. STATIC GRAVITATIONAL FIELD
In this section we consider gravitational field produced by rest matter distributed with density ρ(r). For static field u k = (1, 0, 0, 0), scalar φ depends only on spatial coordinates r and the equivalent metric (9) reads
, while the inverse metric is
For static field the energy-momentum tensor of matter has only one nonzero component T 00 which depends on spatial coordinates. This component can be found from the conservation equation
where "; " stands for the covariant derivative with metric f ik . Equation (25) yields T 00 = ρc 2 e φ and T = ρc 2 e 3φ , where ρ is the mass density which is independent of φ.
For static gravitational field, Eqs. (21) reduce to a single equation for φ(r)
In the Newtonian limit Eq. (26) yields ∆φ = 4πGρe φ0 /c 2 and, thus, c 2 φ(r) has a meaning of gravitational potential.
Exponential metric solution (23) is free of black holes for any mass distribution and field strength. For a point mass M located at r = 0 Eq. (26) leads to c 2 ∆φ = 4πGM δ(r) and has a solution φ = −GM/c 2 r. For N point masses located at r 1 , . . . , r N Eq. (26) yields
where m 1 , . . . , m N are positive constants. Solution of Eq. (27) is
We discuss motion of particles in static gravitational field in Appendix E. For a star of mass M and radius R Eq. (28) reduces to φ(r) = −GM/c 2 r (r ≥ R) and using Eq. (E1) for energy conservation we obtain that escape velocity for a particle from the stellar surface is
where c s = ce 2φ(R) is the speed of light at the stellar surface (see Eq. (E9)). Equation (29) shows that escape velocity is always smaller then c s (c s ≤ c).
One should note that exponential metric (23) was also obtained for static field in some alternative theories of gravity [22, 23, [25] [26] [27] [28] [29] and based on simple physical arguments in [21, 30, 31] . Stability of compact stars in the exponential metric has been investigated in the literature. It has been shown that solution (23) predicts that stars do not collapse into a point singularity but rather form stable compact objects with no event horizon and finite gravitational redshift [32] .
VII. POST-NEWTONIAN LIMIT
Post-Newtonian limit applies when the gravitational field is weak, and the motion of the matter is slow. It is sufficiently accurate to encompass all solar-system tests of gravity performed so far. In the post-Newtonian formalism the metric is expanded in a small parameter . The "order of smallness" is determined according to the rules that matter velocity is of order V ∼ 1/2 and gravitational constant G ∼ . A consistent post-Newtonian limit requires determination of g 00 correction through O(
2 ), g 0α through O( 3/2 ), and g αβ through O( ) [2] . We compare the vector theory of gravity with general relativity in the post-Newtonian limit in the cosmological reference frame (the mean rest frame of the Universe in which the Universe appears isotropic) for which background equivalent metric f ik is diagonal and after rescaling coordinates reduces to Minkowski metric. Let us consider small deviations h ik of the tensor gravitational field g ik from the Minkowski metric η ik
In the post-Newtonian limit of general relativity [24] h α β = −h 00 δ α β (30) and the tensor gravitational field g ik is described by four independent functions h 0k , so that metric is given by
In the present vector theory of gravity in the postNewtonian limit after rescaling of coordinates in the cosmological reference frame the equivalent metric f ik also has the form of Eq. (31) (see Eq. (13)). Therefore, in both theories in the post-Newtonian limit the gravitational fields are described by an equal number of independent functions which are coupled with matter in the same way. Since, by construction of both theories, such coupling uniquely specifies the total action and, hence, the field equations, the general relativity and the vector theory of gravity are identical in the post-Newtonian limit.
To convince the reader that this is indeed the case, in Appendix F we show directly that in the post-Newtonian limit the general relativity and the vector theory of gravity give the same equations for h 0k in the cosmological reference frame 1 2 ∆h 00 + 3 2
Boundary conditions for h 0k are also the same and, therefore, both theories are equivalent in the post-Newtonian limit.
We made comparison of the theories in the cosmological reference frame in which equivalent metric of the vector gravity after rescaling coordinates has the form of Eq. (31). Since both theories are equivalent in such a frame in the post-Newtonian limit they are also equivalent in a frame moving with non relativistic velocity relative to the mean rest frame of the Universe. This is the case because in vector gravity the equivalent metric f ik , by its definition, is also a tensor under general coordinate transformations. If equations of vector gravity and general relativity give the same metric in one reference frame then in any other frame the two metrics will coincide because both of them transform in the same way under coordinate transformation from one frame to another.
As a consequence, the vector theory of gravity, similarly to general relativity, yields no post-Newtonian preferred frame and preferred location effects. For vector gravity the ten post-Newtonian parameters introduced to compare metric theories of gravity with each other [2, 3] have the same values as in general relativity.
VIII. WEAK FIELD LIMIT

A. Linearized gravitational field equations
In this section we linearize equations for classical gravitational field in the cosmological reference frame assuming that unit vector u k slightly deviates from (1, 0, 0, 0). For small deviations of φ from a constant value φ 0 and |u α | 1, keeping linear terms, Eqs. (21) yield
In the rescaled coordinates
In terms of h 0k equations for the gravitational field in the weak field limit read
(33) In these equations the energy-momentum tensor of matter T ik is written in Minkowski metric. Equations (32) and (33) are invariant upto the terms of the order of V 2 /c 2 under Lorentz transformation
for which h 0k and T 0k transform as symmetric tensors with h αα = h 00 , and V is a constant (velocity) vector. Equation (22) yields that non relativistic motion of particles in weak gravitational field is described by the following equation
where V α = dx α /dt is the particle velocity. In Appendix G we explore an analogy between weak gravity and electrodynamics and show that equations for weak classical gravitational field are analogous to Maxwell's equations in a medium with negative refractive index.
B. Energy density and energy flux in the classical limit
In Appendix H we derive expression for the energy density and energy density flux (Poynting vector) for the weak classical gravitational field interacting with matter that moves with nonrelativistic velocity. We find the following expression for the energy density
where ρ is the mass density, V is the matter velocity and three dimensional vector
The energy density flux is given by 
C. Gravitational waves
The weak field limit homogeneous equations for the classical gravitational field
∂x α ∂x 0 = 0 (38) have solutions describing waves propagating with the speed of light c. Taking ∂/∂x 0 from Eq. (37) and (1/2)∂/∂x α from Eq. (38) and adding them together we obtain
Thus, for the time-dependent solutions describing gravitational waves
and Eqs. (37) , (38) reduce to separate wave equations for h 00 and h 0α
Field equations have two classes of solutions corresponding to transverse and longitudinal waves. For transverse waves ∂h 0α ∂x α = 0, h 00 = 0
and, e.g., for a transverse wave propagating along the x−axis the equivalent metric reads
According to Eqs. (35) and (36), the energy density and the energy density flux of the transverse gravitational wave is
Thus, graviton has negative energy in the classical description of the gravitational field. This result has important implication for cosmology. If graviton energy is negative and the matter energy is positive this suggests that at the Big Bang matter was created at the expense of generation of the negative energy gravitons. We address this issue in Sec. X. In Sec. XI we show that in the quantum limit (present epoch) the graviton energy is positive. In this limit the energy density and the energy density flux are given by the same Eqs. (40) and (41) but with the opposite sign.
For a plane transverse wave
Eq. (41) yields
that is Poynting vector which gives the direction of the energy flow is opposite to the wave vector k. This is analogous to propagation of electromagnetic waves in a medium with negative refractive index [33] . Thus, vacuum for the classical vector gravitational field is lefthanded. For a longitudinal wave h 00 = 0 and ∂h 0α /∂x α = 2∂h 00 /∂x 0 . For such wave propagating along the x−axis the metric oscillates as
As we show in Sec. XII, binary stars orbiting each other do not emit longitudinal gravitational waves. Quantum mechanical analysis of Sec. XI D yields the same answer. One should mention that gravitational waves in the vector gravity substantially differ from those in general relativity. In general relativity the metric for weak plane gravitational waves propagating along the x−axis in a properly chosen coordinate system reads [24] 
where h 23 and h 22 are small perturbations obeying the wave equation
where is the d'Alembertian operator. By making proper change of coordinates one can transform Eqs. (39) and (42) for plane waves in vector gravity to
which have different structure than general relativistic Eq. (43) . Thus, measuring polarization of gravitational waves with gravitational wave detectors could provide a test of the vector gravity. One should note, however, that both in general relativity and vector gravity the polarization of gravitational waves emitted by orbiting binary stars is transverse, that is wave produces motion of test particles in the plane perpendicular to the direction of wave propagation. The reader might get an impression that Eq. (44) does not describe a transverse wave. This illusion appears because metric (44) is written in non orthogonal coordinates. The original metric (39) is written in Cartesian orthogonal coordinate system and clearly shows that the wave is transverse.
According to Eq. (34), a nonrelativistic particle (or mirrors of an interferometer) will move under the influence of the gravitational wave (39) with time-dependent velocity V α = h 0α c. This yields that signal of the LIGOlike interferometer with perpendicular arms in the y and z directions will be proportional to h 02 −h 03 . The answer can be easily obtained taking into account that photon hits the interferometer mirrors at different times and the mirror velocity periodically changes with time under the influence of the gravitational wave. On the other hand, for gravitational wave in general relativity (43) the interferometer signal is proportional to h 22 .
IX. COSMOLOGY
In this section we apply our theory to evolution of the Universe. Cosmological model of the Universe is an effective model which replaces a complicated infinitely large spatially nonuniform system of moving matter with those that has uniform density distribution and zero velocity. In such a model the unit gravitational field vector is u k = (1, 0, 0, 0) and the scalar φ depends only on time. However, correct description of the Universe evolution requires solution of the full system of spatially nonuniform equations for the gravitational field and then averaging of the result over the large scales. Symmetry arguments yield that such an averaging can give an effective gravitational field action with an additional cosmological term of the form
where Λ is a constant independent of the gravitational field. The structure of S cosm follows from the requirement that after rescaling of coordinates (12) the action should be independent of the background cosmological field. This is one of the symmetries of the full action and the effective action must possess such a symmetry. The cosmological term appears due to replacement of the exact equations with the equations for the averaged metric which is spatially uniform and isotropic. Since the term (46) is an effective, Λ depends on the choice of coordinate system, namely on the reference frame in which we perform the spatial averaging. For cosmology, instead of φ, it is convenient to use a scale (expansion) factor a = e −φ as a variable. In terms of a the equivalent metric (9) reads
and
Components of the energy-momentum tensor of matter can be obtained from the conservation equation (25) and are given by T 00 = ρc 2 /a and T = ρc 2 /a 3 , where ρ is a constant that has a meaning of the matter density for a = 1.
Spatial part of nonlinear gravitational field equations (21) (i = α = 1, 2, 3) gives a simple linear equation for a(t, r)
Solution of this equation with the initial condition a(t = 0, r) = b(r) is
where a(t) is an arbitrary function of time such that a(0) = 0. If at the Big Bang (t = 0) the Universe was inhomogeneous then subsequent expansion makes the spatially uniform term a(t) in Eq. (49) much larger than b(r) which is time independent. Therefore, we can omit b(r) and treat metric as spatially uniform. Thus, present theory predicts that shortly after Big Bang the Universe becomes spatially flat and homogeneous on the large scales regardless of the initial condition. This is not the case for general relativity and known as the problems of large-scale homogeneity and flatness of the Universe. To resolve these problems, cosmological models based on general relativity require stage of inflation and introduction of additional hypothetical field, the inflaton, responsible for inflation. In contrast, vector gravity does not need additional fields.
Temporal part of Eqs. (21) (i = 0) with the cosmological term yield the following equation for a(t)
which shows that matter decelerates expansion of the Universe, while the Λ−term accelerates it (provided Λ > 0). In Eq. (50) a dot denotes derivative with respect to time t. Integration of Eq. (50) giveṡ
where C is an integration constant which is proportional to the total energy density of the Universe. Indeed, in the metric (47) the action (11) with the additional cosmological term (46) reads
Hence, the Lagrangian density is
which yields the following conserved Hamiltonian density (the total energy density) w
Therefore, integration constant C in Eq. (51) is
Observations indicate that C = 0, or, at least, that in the present epoch the term C/a 2 in Eq. (51) is small compared to the other terms. Since the term C/a 2 evolves as 1/a 2 , while the matter term is proportional to 1/a 3 the total energy density in the early Universe must be equal to zero with very high precision. Namely, for small a the term C/a 2 becomes very small as compared to the matter contribution. Thus, positive energy of matter in the Universe is balanced by the negative energy of the gravitational field giving zero net energy. This result can be considered as an observational evidence that matter in the Universe has been produced at the expense of generation of the gravitational field with negative energy. On the other hand, in the metric (47), Einstein equations with the cosmological constant term give our Eq. (51) with C = 0. Indeed, Einstein equations (2) with the extra cosmological term 8πG c 2 Λg ik in the left hand side yield for ik = αα
Multiplying both sides of Eq. (55) by a 3ȧ and integrating over time we obtaiṅ
where C 1 is an integration constant which, according to observations, is equal to zero. For C 1 = C = 0 Eqs. (51) and (56) are identical. Thus, general relativity and vector gravity predict the same evolution of the Universe which agrees with available cosmological data for a certain value of Λ. General relativity, however, does not predict the value of Λ. To find the value of the cosmological constant Λ in vector gravity we must start from the full system of equations (21) for nonuniform matter distribution without the cosmological term and average them over the large scales. We perform this procedure for the linearized equations for which the answer can be found exactly. Then we will match the nonlinear equation (50) with the exact linearized equations (which do not have the Λ−term) and obtain the value of Λ in the effective cosmological model.
We calculate Λ in our coordinate system, that is at the present time. To do so we linearize Eq. (50) near a = a now and rescale time and coordinates as t → a now t and x α → x α /a now . In the vicinity of the present time the equivalent metric is
where h 00 = −2(a − a now )/a now and linearization of Eq. (50) yields the following equation for h 00
On the other hand, the full system of linearized nonuniform equations without cosmological term is (see Eqs. (32) and (33))
where we took into account that for nonrelativistic matterf 00 T = T 00 . Taking 2∂/∂x 0 from both sides of Eq. (58) and divergence from both sides of Eq. (59), adding them together and using the continuity equation
Integration yields
where F (r) is a function of spatial coordinates. Equation (60) has the following physical meaning. Change in time of the spatial scale (given by h 00 ) can be viewed as motion of masses relative to each other. This matter current produces longitudinal vector field h 0α which, according to Eq. (60), has nonzero divergence. Relation between ∂h 00 /∂x 0 and ∂h 0β /∂x β should be independent of what causes h 00 to change (expansion of the Universe or motion of a nearby star). If time dependence of h 00 is produced by a moving star then solution is bound and average of the full derivative in the left hand side of Eq. (61) over time vanishes. Since F (r) is independent of time we obtain F (r) = F (r) t = 0 and, therefore, Eq. (61) reduces to
Equation (62) must be also valid for the evolution of the Universe. Physically, expansion of the Universe changes spatial scale which can be treated as an effective matter current directed away from a local observer. Such current produces longitudinal vector field h 0α (according to Eq. (62) change of h 00 with time induces h 0α ). This vector field makes the third term in (58) nonzero which acts as the cosmological term in the evolution equation. Since, according to Eq. (35), the energy density of the longitudinal vector field is negative the cosmological term accelerates expansion of the Universe.
Substituting Eq. (62) into Eq. (58) we find
Next we average Eq. (63) over the large scales so that T 00 now becomes spatially uniform. In the effective cosmological model the averaged metric (47) is diagonal and depends only on time (see discussion after Eq. (49)).
Therefore, spatial averaging of ∆h 00 must be equal to zero and Eq. (63) yields
On the other hand, spatial averaging of Eq. (62) gives that
is not equal to zero. This is consistent with our assumptions. Indeed, Eq. (65) can be satisfied by choosing h 0β as an odd function of coordinates, h 0β ∝ x β . Thus, spatial averaging of h 0β in the local region yields zero and, hence, the averaged metric h ik is diagonal and spatially homogeneous.
Comparing Eq. (57) with Eq. (64) and taking into account that
we find the following value for the cosmological constant
Thus, at the present time the cosmological term contribution (dark energy) is twice as much as the energy of matter. Therefore, the ratio between the energy density due to the cosmological constant and the critical density of the Universe Ω critical = 3ȧ
This is also the case in any other reference frame. That is an observer who lives billion years before or after would find the same answer for Λ/Ω critical in his reference frame. Our prediction has no free parameters and agrees with the recent Planck result which measured Λ/Ω critical and obtained 0.686 ± 0.02 [11] . In the present theory the Λ−term appears as a solution of equations. It comes from the gravitational part (left hand side) of Eqs. (21) as a result of averaging of the term
∂x 0 ∂x β over the large scales. Such average does not vanish in Eq. (58) if we make the transition to the infinitely large size of the Universe properly.
The physical meaning of the dark energy becomes clear if we compare the exact expression for the weak field limit Lagrangian density with those obtained from the effective cosmological action containing the Λ−term. Keeping only the relevant contributions the weak field limit Lagrangian density in the rescaled coordinates reads (see Eq. (B6))
where h = h 0α depends on time and spatial coordinates. On the other hand, linearization of the effective cosmological Lagrangian (52) yields
Thus, Λ = 1 32πG ḣ 2 and dark energy is the average energy of the longitudinal part of the gravitational field. From the perspective of a local observer the change in the spatial scale caused by the Universe expansion is equivalent to a matter current directed away from the observer. Such current generates the time-dependent longitudinal field h which is analogous to generation of the vector potential A by a current in classical electrodynamics. The value of the current depends on the matter density and on the expansion rate of the Universe which, in turn, is a function of the matter density. Thus, the value of the cosmological constant Λ is determined by the averaged matter density in the reference frame of the observer (matter density at the moment the observer measures Λ).
One should mention that quantization of the gravitational field involves only radiative part of the field. Since dark energy originates from the non radiative part it is a pure classical effect which can be described by the classical field equations.
X. CONTENTS OF THE UNIVERSE
Vector theory of gravity explains the nature of dark energy as the energy of longitudinal gravitational field induced by the Universe expansion. Such energy is negative and accelerates expansion of the Universe. According to the present theory, the Universe is made of matter (dark matter and ordinary matter) and gravitational field (see Fig. 1 ). Observations indicate that the total energy of the Universe is equal to zero (see discussion after Eq. (54)).
As we show in Sec. VIII C, classical field equations yield that the graviton has negative energy. This suggests that at the Big Bang matter was created at the expense of generation of the negative energy gravitons. Since the pressure is determined by the wave momentum, rather than energy, the gas of gravitons has positive pressure P . For such a gas the equation of state reads
where w g is the graviton energy density. Since the energy momentum tensor of an isotropic gas is
Contents of the Universe according to vector gravity. Universe is made of matter (85% dark matter and 15% ordinary matter) which has positive energy and gravitational field which has negative energy. The total energy of the Universe is equal to zero.
we obtain that for the gas of gravitons
According to Eqs. (21), the combination
00 T is the source of gravitational field. This combination is also the source of gravitational field in general relativity. Namely, it determines gravitational mass of an object (Komar mass) in terms of the energy-momentum tensor. Since for the primordial gravitational waves T 00 − 1 2f 00 T = 0 they do not produce gravitational field and, hence, they do not contribute to the gravitational acceleration measured by an accelerometer. Equation (68) also yields that primordial gravitons do not change the cosmological Eq. (50) and, thus, they have no effect on expansion rate of the Universe.
According to the postulate 4 of our theory the graviton is a composite particle, namely it is composed of fermionantifermion pairs. Since no more than one fermion can occupy the same quantum state the matter generation at the Big Bang has continued until fermion states were filled. The following Universe expansion practically did not change the fermion occupation number and states remain filled. These filled states form a vacuum in the present epoch. As we show in the next section, for the filled vacuum the graviton energy is positive and, thus, vacuum is stable. For the filled vacuum creation of a graviton corresponds to creation of fermion-antifermion hole pairs out of the filled fermion states.
Analogy with the composite photon theory [19] suggests that the fermion-antifermion pairs that compose the graviton are coupled to matter with the gravitational constant G, while a single fermion interacts with a much weaker (perhaps zero) coupling constant. As a conse-quence, the energy scales associated with the graviton and its constituent fermion are very different. The Planck energy is the characteristic quantum energy scale for the graviton and the corresponding Planck frequency is
Perhaps at the Big Bang the gravitational waves have been generated upto the Planck frequency. However, states of the constituent fermions are filled up to a much higher frequency which is determined by their coupling constant. Such frequency can not be predicted in the framework of the present theory.
Constituent fermions have both positive and negative energy states. The number of negative energy states which are filled at the Big Bang is greater than those with positive energy. So that the net energy of the graviton gas is negative. Probably shortly after the Big Bang the negative energy of the graviton gas has been transferred to the kinetic energy of the Universe expansion (the first term in the right hand side of Eq. (53)) and the number of negative and positive energy states that are filled became equal. This subject, however, requires detail analysis of cosmological models and is beyond the scope of our paper.
XI. QUANTIZATION OF GRAVITATIONAL FIELD
Here we quantize gravitational field assuming that graviton is composed of fermion-antifermion pairs. Since quantization procedure is similar to quantization of electromagnetic field we start from a brief review of the field quantization in electrodynamics.
A. Classical electrodynamics
Classical electrodynamics is a vector field theory in four dimensional Minkowski space-time. Electromagnetic field is a 4−vector A k = (A 0 , A) in this space-time, while electric current density is a 4−vector j k = (cρ, j), where ρ and j are the electric charge and spatial current densities. The conserved 4−current density j k is coupled to A k through the Lorentz and gauge invariant term in the action
The total action of the system is S = S field + S coupl + S matter , where action for free electromagnetic field is
and for nonrelativistic motion of particles
where the sum is over all particles a having positions r a , masses m a and electric charges q a . Electric current density is given by
Particle momentum conjugate to r a is
while momentum π k conjugate to the field A k reads
where L is the Lagrangian density and E = −∇A 0 − ∂A/∂x 0 is the electric field. Electromagnetic field A k has four real components. However, since momentum π 0 conjugate to A 0 vanishes the time component A 0 is not a dynamical field. This means that A 0 is not an independent degree of freedom but rather it is a functional of A and electric charge density ρ [34] . In addition, gauge symmetry implies that there are only two independent physical degrees of freedom because one of the degrees of freedom can be eliminated by gauge fixing. These two independent degrees of freedom of the electromagnetic field corresponding to radiation are quantized, their quantum is a photon.
Classical Hamiltonian of the system is a functional of r a , p a , A k and
where B =curlA. One can decompose E and B into longitudinal and transverse parts
such that divE tr = 0 and divB tr = 0. This decomposition can be done in a straightforward way if we write E as a Fourier series
Then
wherep is a unit vector in the direction of p, and
Having in mind that photon originates from the transverse electromagnetic field we decompose 4-vectors A k and j k into transverse spatial part A tr , j tr and the remaining piece which contains longitudinal and time-like components, e.g.
Terms in the right hand side of Eq. (69) do not transform as 4-vectors, only their sum does. In particular, for the spatial part of A k we have
Decomposition of the field into the longitudinal and transverse components decouples Hamiltonian into two independent pieces H = H tr + H l-t , where Hamiltonian of the transverse field is
For the longitudinal and transverse fields Maxwell equations also decouple. In particular, for transverse field Maxwell equations read
B. Quantization of electromagnetic field in elementary photon theory
In conventional quantization of the electromagnetic field the H l-t part of the Hamiltonian remains classical [35] . Part of the transverse field that corresponds to radiation (field without sources) is quantized and is described by the following Hamiltonian operator [34] 
2π c pV p,µÂp,µ e ip·r + H.c. , p,µ (µ = 1, 2) are unit three-dimensional polarization vectors perpendicular to the photon wave vector p, V is the photon volume and operatorsÂ p,µ obey BoseEinstein commutation relations
and all other commutators are equal to zero. Operatorŝ A + p,µ andÂ p,µ describe creation and annihilation of a spin 1 photon with wave vector p and polarization µ. Electriĉ
and magnetiĉ
field operators obey commutation relations
In the Heisenberg picture the Heisenberg equations of motion
yield Maxwell's equations for the transverse field (71) in the operator form
One should emphasize that only a part of the transverse electromagnetic field is quantized, namely the part that corresponds to radiation. For example, magnetic field produced by stationary currents is transverse but is not quantized and remains classical.
C. Photon as composite particle
In the composite photon theory the elementary particle is a massless spin 1/2 fermion and photon is composed of the fermion-antifermion pairs. In free space the Dirac equation for massless spin 1/2 fermion, described by a
where γ µ are gamma matrices which can be written in terms of 2×2 sub-matrices taken from the Pauli matrices and the 2×2 identity matrix I. In the Weyl (chiral) basis the gamma matrices have the form
and Pauli matrices are
Recall that γ µ are fixed under Lorentz transformations in the forms given above. Lorentz invariance of the Dirac equation is achieved by proper transformation of spinor Ψ that counterbalances the transformation of ∂ µ . In the Weyl (or chiral) representation of the Dirac matrices the Weyl spinors ψ R and ψ L do not mix under Lorentz transformations.
Solutions of the Dirac equation are arbitrary superposition of four plane wave spinors
where p is the wave vector, p = |p| and for p oriented along the positive direction of the z−axis
Energy of particles described by spinors Ψ a and Ψ d is positive ε = cp, while fermions corresponding to spinors Ψ b and Ψ c have negative energies ε = − cp. The helicity of a particle is right-handed if the direction of its spin is the same as the direction of its motion. It is left-handed if the directions of spin and motion are opposite. u a and u c are right-handed spinors, while u b and u d are lefthanded spinors. Helicity of a massless particle is Lorentz invariant.
General solution of the free Dirac equation can be written as We map the fermion field into the real transverse field A tr
such that A tr (t, r) obeys Maxwell equations for free transverse field. In terms of the Fourier components A p,tr (t) this can be done in the following way
where p,1 and p,2 are the spatial unit polarization vectors of the left and right circularly polarized photons respectively. Equations (79) and (80) indicate that A p,1 and A p,2 should be chosen as
where summation is over all fermion states with wave vectors k parallel to p. In order for A p,tr to transform as a transverse field under Lorentz transformations the spectral functions F 1 (p, k) and F 2 (p, k) must be scalars. Therefore they can depend only on the absolute values of the 4−vectors and their dot products. F 1 (p, k) is a factor in front of a p+k b −k which is a product of two fermion states with 4−wave vectors (p + k, p + k) and (−k, −k). Absolute values of these 4−vectors and their dot product (with Minkowski metric) are equal to zero. Therefore, spectral function F 1 (p, k) is independent of p and k. Similar arguments yield that F 2 (p, k) is also a constant which can be chosen arbitrary. We choose F 1 = F 2 = 1/ N , where N is the number of fermion states with wave vectors parallel to p, and assume that N is independent of p.
Field quantization in the composite photon theory
Next we quantize the fermion field by replacing a p , b p , c p and d p with operators that obey canonical anticommutation relationŝ
All other anticommutators are equal to zero.
The second quantized Hamiltonian for the free fermion field iŝ
The free transverse field (83) (field without sources) now becomes an operator which in the Schrödinger picture readŝ
Since fermion a is right-handed the operatorâ + p+k creates a spin 1/2 fermion with spin parallel to p + k and energy ε a = c(p + k). On the other hand,b + −k creates a spin 1/2 antifermion with spin antiparallel to −k (that is parallel to k) and negative energy ε b = − ck. Thus, the combinationb + −kâ + p+k with k p creates a fermionantifermion pair with the total energy ε = cp and spin 1 parallel to p. Recall that for left (right) circularly polarized photon the photon spin is parallel (antiparallel) to the wave vector p. Therefore, operatorÂ Equations (85) and (86) yield the following commutation relations for operatorsÂ p,µ andÂ
(92) Terms under the sum are written in the normal order, that is annihilation operators are placed to the right of the creation operators. If the total number of fermion states is very large compared to the number of occupied states the commutation relations for the vector operator become exactly the same as in the conventional quantum electrodynamics, namely, in the limit N → ∞ we obtain
and all other commutators are equal to zero. Roughly, the correction term to the Bose-Einstein commutation relations is of the order of the ratio of the number of fermions in the system to the total number of fermion states in the Universe. Such correction is negligible.
One should mention that the number of fermion states can be much larger than the number of photon states. For example, for electromagnetic field in a cavity only certain photon states satisfy boundary conditions. However, there is no such constraint on the fermion states because fermions do not interact directly with the cavity walls. The boundary condition constrains the total sum in Eqs. (89) and (90), that is values of the photon wave vector p. However, there is no constraint on the values of the summation index k.
In the composite theory of the photon the transverse part of the classical electromagnetic Hamiltonian (70) describing radiation field interacting with electric charges is replaced by the operator
whereĤ 0 is the Hamiltonian for the free fermion field (87) andÂ tr (r) is given by Eqs. (88)-(90).
In the composite photon theory the electric and magnetic field operatorŝ
(95) obey the same commutation relationships (72)-(75) as in the case of the elementary photon theory. Namely, Eqs.
(72) and (73) are a direct consequence of Eq. (93), while relations (74) and (75) are satisfied because for the free fermion field Hamiltonian (87), as in the case of the free photon Hamiltonian (76), we obtain
Therefore, in the composite photon theory the Heisenberg equation of motion also yields Maxwell's equations for the transverse field (77). Thus, in the limit N → ∞ the composite photon theory yields the same Quantum Electrodynamics as the elementary photon theory and, in particular, photons obey Bose-Einstein statistics. Despite the fermionic nature of light the manner in which fermions interact with charged particles leads to the simplified description of light in terms of composite photons.
D. Quantization of gravitational field
In the vector theory of gravity for weak gravitational field and nonrelativistic motion of masses the Lagrangian of the field interacting with matter reads 
where h 0k are components of the equivalent metric, h = h 0α and the sum is over all masses m a having positions r a and velocitiesṙ a . Particle momentum conjugate to r a is
while momentum Π k conjugate to the field h 0k reads
where L is the Lagrangian density, π 0 = divh + 3 ∂h 00 ∂x 0 , and E = −∇h 00 − ∂h ∂x 0 .
Classical Hamiltonian of the system is a functional of r a , p a , h 0k and
where B =curlh. Transverse gravitational field h tr interacting with matter is described by the Hamiltonian
Please note that the energy of the free classical gravitational field is negative.
As in the case of electrodynamics, the field quantization procedure replaces transverse gravitational field corresponding to radiation with the operator
where p,1 and p,2 are spatial unit polarization vectors of the right and left circularly polarized gravitons respectively. The non radiative part of gravitational field is not quantized. By analogy with the composite theory of the photon, we assume that graviton is not an elementary particle but rather it is composed of fermion-antifermion pairs.
In the composite graviton model the part of the classical Hamiltonian (98) describing radiation field interacting with matter is replaced with the operator
whereĤ 0 is the Hamiltonian of the free fermion field (87) andĥ tr (r) is given by Eq. (99) in whicĥ
N is the number of fermion states with wave vectors k parallel to p and summation is taken over all such states. Since fermion a is right-handed the operatorâ 
[ĥ p,2 ,ĥ
which also can be written in the form
[ĥ p,2 ,ĥ [ĥ p,µ ,ĥ
All other commutators are equal to zero. At this stage of the Universe evolution the graviton has negative energy ε(p) = − cp which causes cosmological inflation. 
which differs from the Bose-Einstein commutation relations by the minus sign in the right hand side. However, for operatorsÂ
Eq. (107) yields Bose-Einstein commutation relations
while Eq. (106) gives relations with the minus sign
OperatorÂ field operators with the free field Hamiltonian (87) are the same as in electrodynamics, namely
This result is independent of the commutation relation betweenÂ p,µ andÂ 
Comparison of Eqs. (111) and (112) with those of quantum electrodynamics yields that quantum vector gravity, upto irrelevant numerical factor, is equivalent to QED for the upper sign in Eq. (111), that is for the filled vacuum (present epoch). Because of this equivalence, quantum vector gravity is also a renormalizable theory.
The lower sign in Eq. (111) corresponds to the vacuum with empty fermion states. This is the classical limit of the quantum vector gravity which reproduces the classical weak field equations for the transverse field. In the present epoch the fermion states are filled and we must take the upper sign in Eq. (111). Thus, quantum mechanical analysis yields that evolution equations describing gravitational radiation in the present epoch are different from those that follow from the classical Lagrangian (96). Namely, in classical equations describing radiation, j tr must be taken with the opposite sign.
One should mention that the difference in equations appears only when we are dealing with the radiation part of the transverse field which is quantized. Transverse gravitational field produced by stationary mass currents is not quantized and is described by the same classical equations. As a consequence, the Post-Newtonian limit of vector gravity is entirely classical and Post-Newtonian equations are not modified by the quantum mechanical analysis. This is also the case for Universe evolution after the end of the inflation stage. In particular, dark energy comes from the classical longitudinal part of the gravitational field.
Averaging the operator equations (111) over the state vector yields Maxwell-like equations for the average fields E tr and B. The averaged equations lead to the following expression for the energy of the radiation field interacting with matter
and the energy flux density (Poynting vector) of the radiation gravitational field
Energy of the graviton in the classical limit (moment of the Big Bang) is negative (lower sign in Eqs. (113) and (114)). In the present epoch the energy is positive (upper sign). In this case the analogy of Eqs. (113) and (114) with the corresponding expressions in electrodynamics
Finally we discuss quantization of the longitudinal gravitational waves (42) which are described by equations
Classical analysis yields that such waves are not emitted or absorbed by matter (see next Section). Quantum consideration gives the same answer. Indeed, Eqs. (81), (82), (97), (116) and (117) suggest that longitudinal gravitational waves must be quantized by replacing h l and h 00 with operatorŝ
wherep is a unit vector in the direction of p and operator
describes a composite particle with negative energy ε(p) = − cp. Commutator ofĥ p with the free field Hamiltonian (87) is
It is easy to check that in the Heisenberg picture the Heisenberg equations of motion involving the free field Hamiltonian (87) yield the free field Eqs. (116) and (117) in the operator form
In the limit N → ∞ we obtain commutation relations
for both empty and filled vacuum.ĥ p andĥ + p also commute with the transverse field (graviton) operators. Thus, if longitudinal waves are coupled with matter through the operatorsĥ p andĥ + p the commutator ofĥ p with the interaction Hamiltonian will be equal to zero. As a result, the Heisenberg equations of motion involving the full Hamiltonian will also give the free field equations (121) and (122) without sources. This means that evolution of the longitudinal waves is not affected by matter. Therefore, longitudinal waves are not produced by matter, at least in the classical (empty vacuum) and quantum (filled vacuum) limits. Commutation relations (123) indicate that longitudinal and time-like components of the gravitational field behave as classical quantities.
XII. RADIATION OF GRAVITATIONAL WAVES BY SYSTEM OF MASSES
In this section we consider radiation of gravitational waves by a system of stars moving with nonrelativistic velocities. Our analysis is also valid for neutron stars which produce strong gravitational field in their vicinity. We assume that stars have masses M i (i = 1, 2, . . .) and move with velocities V i (t) c. Spacing between starts is large compared to their dimension, however, the total size of the system is much smaller that the radiation wavelength.
Strong gravitational field of neutron stars demands to keep nonlinear terms in the equations for the gravitational field. Such terms are not confined to a compact region, but extend over all space. However, nonlinear terms decay as 1/r 2 away from the star and can be large only in the vicinity of a neutron star. We average the gravitational field equations (21) over the volume large compared to the stellar size but much smaller than spacing between stars. After such averaging the source of the gravitational field becomes a sum of δ−functions localized at the star positions. Nonlinear terms in the stellar vicinity are subsumed into the δ−function sources. Nonlinear terms far from the star could give a small correction to the solution in the wave zone of the order of G 2 which we neglect.
As a result, after averaging we obtain the following linear equations for the gravitational field in the cosmological reference frame (cf. Eqs. (32) and (33)) ∆h 00 + 3 ∂ 2 h 00
where r i (t) are the radii vectors of the stars. In Eq. 
(126) Using
one can write Eq. (126) as
The left hand side of Eq. (127) is of the order of (V /c) 3 . This yields that M i − M * i in the right hand side are of the order of (V /c) 2 . Thus, with the required accuracy one can take M * i = M i in Eqs. (124) and (125). Solution of Eqs. (124) and (125) satisfying the proper boundary condition is given by the retarded potentials
where t i is solution of the equation t = t i + |r − r i (t i )|/c. Retarded potentials describe outgoing waves with phase velocity directed away from the source. For solution (128)- (129) ∂h 00 ∂x 0 − 1 2 ∂h 0β ∂x β = 0. In Appendix I we provide an alternative derivation of the gravitational field produced by an orbiting neutron star which is valid in the V 3 /c 3 order in the stellar velocity and arbitrary strength of the stellar gravitational field φ. The answer for the equivalent metric is given by Eqs. (I13)-(I15) . The analytical result includes both near and far field regions in a single equation which is valid for arbitrary φ but omits retardation effects. In the far field the answer reduces to Eqs. (I16) and (I17) of Appendix I which match the retarded potentials (128) and (129) obtained here using linearized equations. Such a match justifies omission of the nonlinear terms in the present Eqs. (124) and (125).
Since i M i is constant, the time dependent part of h 00 in Eq. (128) vanishes at large r as 1/r 2 . Thus, h 00 does not contribute to the emission of gravitational waves, as in the case of electromagnetic radiation in classical electrodynamics.
In the present theory, a graviton is not an elementary particle, but rather it is composed of fermion-antifermion pairs. Solution (129) is obtained in the classical limit when vacuum corresponds to empty fermion states. However, fermion states are filled in the present epoch and, as we showed in the previous section, for filled vacuum the equations describing radiation of gravitational waves must be modified by changing the sign of the mass current to the opposite. As a consequence, solution (129) must be replaced with
where h = h 0α = −h 0α . For filled vacuum emission of a graviton corresponds to absorption of fermionantifermion pairs out of the filled vacuum states or creation of fermion-antifermion holes which propagate away from the source. According to Eq. (113), for filled vacuum graviton has positive energy and binary stars orbiting each other are loosing their energy by emitting gravitational waves. Equation (130) has a very similar form to the vector potential produced by moving charges
and, according to Eqs. (114) and (115), expressions for the Poynting vectors of the radiation field in vector gravity and electrodynamics are also similar. As a consequence, to obtain the answer for the power P of emission of gravitational waves by the system of masses we can apply the formula of classical electrodynamics for the radiation of electromagnetic waves by a system of charges
is the electric dipole moment of the system,
is the quadrupole moment,
is the magnetic moment and the sum is over all charges in the system. Comparison of Eqs. (130) and (131) yields that in order to obtain power loss due to emission of gravitons one should in the electrodynamics equations replace the electric charges with e i → 4GM i /c 2 . In addition, Eq. (114) gives that gravitational energy density flux for the radiation field is
which is in a factor c 4 /4G greater than the corresponding expression for the electromagnetic waves
Thus, P for gravity must be also multiplied by c 4 /4G. Combining all factors together we finally obtain the following expression for the power loss by the system of masses due to emission of gravitational waves
where we introduced the dipole moment of the system
the quadrupole moment of masses
and the net angular momentum
In these equations the summation is over all masses. With the required accuracy, the stellar trajectories can be calculated in the Newtonian limit. In such limiṫ
is the total linear momentum of the isolated system which is a conserved quantity. Therefore,d vanishes and, hence, there is no dipole radiation. For an isolated system the total angular momentum L is also conserved and, thus, the last term in Eq. (134) also vanishes. The fact that M * i = M i in Eqs. (124) and (125) guarantees that inertial mass that determines the dipole moment is the same as mass that generates gravitational waves. One should mention that possible small deviation of M * i from M i in our Eq. (125) due to strong-field effects (which is of the order of (V /c)
2 ) might yield contribution to the dipole radiation of the order ofd 10 . These contributions are much smaller than the quadrupole emission which is proportional to (V /c) 6 .
As a result, the quadrupole radiation gives the dominant contribution to the energy loss. The quadrupole term in Eq. (134) coincides with the Einstein's formula obtained in general relativity. The rate of loss of angular momentum from a system of bodies emitting gravitational waves is also given by the same equation as in general relativity
where e αβγ is the Levi-Civita symbol. Equation (135) is obtained in [24] directly from the rate of energy loss by the system which is given by the same quadrupole formula in both theories. As a consequence, the present theory yields the same orbital decay of binary stars from gravitational radiation as general relativity.
The energy flux at infinity carried out by gravitational radiation is balanced by an equal loss of mechanical or orbital energy by the system W . This loss of energy results in a decrease in the orbital period T given by Kepler's third law [2] 
Such decrease in the orbital period has been measured for several binary systems and agreed with the predictions of general relativity. Thus, it also agrees with the vector theory of gravity. In other alternative theories of gravity, while the inertial dipole moment may remain uniform, the "gravity wave" dipole moment need not, because the mass that generates gravitational waves depends differently on the internal gravitational binding energy of each body than does the inertial mass [2, 3] . In such theories, the additional form of gravitational radiation damping (dipole radiation) could be significantly stronger for neutron stars than the usual quadrupole damping. Our vector theory of gravity predicts no dipole gravitational radiation because it satisfies the strong equivalence principle at least to the post-Newtonian order.
XIII. NEUTRON STAR MASS LIMIT IN VECTOR GRAVITY
According to general relativity an object of nuclear density and more than about 3M would be a black hole [36, 37] . Here we examine the neutron star upper mass limit in the vector theory of gravity. To calculate the maximum mass of a neutron star, one must have an equation of state for matter at high density which is very uncertain at present.
Taking T i k as the energy momentum tensor of a perfect fluid, namely
all others are 0, with energy density ε = ε(r) and pressure P = P (r) the field equations for static gravitational field described by the equivalent metric
The energy-momentum relation
where covariant derivative is taken using equivalent metric f ik
yields equation of hydrostatic equilibrium
where P is related to ε by an equation of state
The boundary conditions at the stellar center r = 0 and the surface r = R read
Taking into account that outside the star φ(r) = −GM/rc 2 , continuity of φ and φ yields additional boundary condition at the star surface
Rφ (R) = −φ(R).
Matching solution inside and outside the star yields expression for the stellar mass M in terms of φ(R)
It is now necessary to choose an equation of state. We take it in the form which have been studied previously in general relativity [38] 
where b is a constant and ε 0 (φ) is the energy density above which the equation of state becomes "stiff." Very often in literature the so called "causality" condition is imposed to the equation of state: dP/dε ≤ 1, that is b ≤ 1 in Eq. (137). The condition requires that the speed of sound in the stellar matter c s can not exceed the speed of light c. However, though the last statement is true it does not mean that we must impose the restriction dP/dε ≤ 1 to the possible equation of state. The point is that equations of hydrodynamics, which result in c s = c dP/dε, are derived under the assumption of instantaneous interactions between particles (local approximation). However, real interactions propagate with the speed of light. As a result, if dP/dε > 1 the equations become substantially nonlocal and static compressibility dP/dε no longer describes the speed of sound. In this regime the speed of interaction propagation imposes the restriction on the speed of compression waves in matter. As a consequence, the speed of sound never exceeds the speed of light no matter what is the value of the static compressibility dP/dε.
One should mention that some authors also express caution about the "causality" condition constraint on the equation of state. E.g., Kalogera and Baym say [37] : "The connection between the zero frequency sound velocity being greater than the speed of light and violation of causality, while physically plausible, is a tricky question ... We are not aware of a general proof yet that the ground state of matter must obey dP/dε ≤ 1."
In Eq. (137) ε 0 (φ) depends on the gravitational potential φ. To find this dependence we consider spatially uniform fluid placed in a spatially uniform gravitational field φ that depends on time. Such consideration is similar to the cosmological model of the Universe. Since ε = ε(φ) and P = P (φ) the change of φ causes change of ε and P . Then the energy-momentum relation (136) yields the equationε = 3(P + ε)φ.
Assuming that ε(φ), ε 0 (φ) and P (φ) are proportional to the same function of φ we obtain ε(φ), P (φ) ∝ e αφ , where α = 3 1 + P ε is independent of φ. For the equation of state (137) we find
which is an algebraic equation for ε 0 (φ). In Eq. (138) ε 0 is the value of ε 0 (φ) at φ = 0. It is convenient to introduce dimensionless coordinate, pressure and energy density as r → r 0 r, P → ε 0 P, ε → ε 0 ε where
For the dimensionless functions the field equation and equation of hydrostatic equilibrium read ∆φ = (ε + 3P ) e −2φ ,
while the boundary conditions are
Dimensionless equation of state (137) is
where ξ is given by a solution of the dimensionless algebraic equation
Stellar mass M is obtained from the formula
For ε 0 /c 2 = 10 14 g/cm 3 we have r 0 = 32.8 km, M 0 = 22.3M .
In Figs. 2, 3 and 4 we plot mass of a neutron star, its radius and surface gravitational redshift as a function of the central pressure P (0) ≡ P (r = 0) in the vector theory of gravity for the equation of state (139) for various values of the stiffness parameter b = 1/3, 1 and 1.3. Figure 2 shows that the stiffer the equation of state, the higher the star mass limit. For example, for b = 1 the maximum gravitational mass of a stable neutron star is M max = 1.52M 0 = 34M for ε 0 /c 2 = 10 14 g/cm 3 . This mass is obtained for dP/dε < 1. Radius of star with maximum mass is R = 1.98r 0 = 65 km. The effects of stellar rotation may increase the maximum mass by about 25% [36] . Star is stable provided ∂M/∂P (0) > 0 [39] . For b = 1 there are three intervals of stability for nonrotating stars, namely M < 0.31M 0 , 0.5M 0 < M < 1.00M 0 and 1.37M 0 < M < 1.52M 0 which for ε 0 /c 2 = 10 14 g/cm 3 give M < 7M , 11M < M < 22M and 30M < M < 34M respectively. It is interesting to note that masses of the two compact objects in the merging binary system recently obtained by the LIGO team based on the first gravitational wave detection, 29 LIGO second coincident signal GW151226, 14.2
−3.7 M and 7.5
, also fit in the mass intervals for which neutron stars are stable.
However, stability intervals are sensitive to the choice of the equation of state which is very uncertain at high matter density. Our choice of the equation of state (139) is only an example. In addition, inclusion of stellar rotation can considerably widen stability regions. Nevertheless, vector gravity predicts existence of gaps in the neutron star mass distribution, although position of the gaps depends on the uncertain equation of state. One should note that stellar-mass compact objects with masses up to about 16M have been discovered in X-ray binaries [40] . Thus, there is a wide gap between 16M and 29M measured by LIGO. Future observations will fill this interval with more data and test the prediction of vector gravity about existence of gaps. It is interesting to note that a 3 − 5M gap has been found in the low-mass part of the measured compact object mass distribution in the Galaxy [41, 42] . If position of the mass gaps is obtained from observations this information can be used to determine the equation of state of matter in the dense stellar cores by matching stability regions with the astronomical data.
Supermassive compact objects with masses of > 10 5 M have been discovered in galactic centers [43] . In Sec. XV we argue that such supermassive compact objects are made of dark matter and, according to vector gravity, can have masses in a range ∼ 10 5 −10 10 M . It is interesting to note that compact objects with masses in the interval ∼ 10 2 − 10 5 M have not yet been detected beyond doubt.
We found that, as in general relativity, the neutron star mass limit varies roughly as 1/ √ ε 0 , where ε 0 is the energy density above which the equation of state becomes "stiff."
Unlike general relativity, the stiffer the equation of state, the higher the mass limit. Our numerical simulations show that M max increases with increasing b. E.g., for b = 3 we find M max = 13.4M 0 ≈ 300M . This result is somewhat similar to those in the bimetric theory of gravitation which for dP/dε > 1 yields that the upper mass limit M max , unlike the general-relativistic case [38] , can be arbitrary large [44] .
In vector gravity, as in general relativity, if the stellar mass exceeds a certain value M max , there does not exist any static solution of the field equations, and therefore the star must undergo collapse. However, there is a great difference between the predictions of the two theories as to what will happen during the process of collapse. In the case of gravitational collapse in the framework of general relativity, once the surface of the star has entered the Schwarzschild sphere, one has a black hole. It is believed that the matter of the star and its radiation are then permanently trapped in the black hole [45] .
In vector gravity, as well as in other alternative theories of gravity with no event horizons, since there does not appear to be anything corresponding to the Schwarzschild sphere, the inner part of an unstable star will first contract and then expand [46] . The contracting outer part could collide with the expanding inner part. The collision could result in the ejection of the outer envelope and hence in a loss of mass which makes the star stable again [46] . Another possible scenario is that a neutron star with a limiting mass swallowing baryons will radiate their mass equivalents for stability yielding substantial additional radiation of internal origin. Such radiation could appear as copious photon or neutrino emissions or gravitational radiation [32] .
The end point of a gravitational collapse in vector gravity is not a point singularity but rather a stable object with a reduced mass. Merger of two neutron starts with masses close to the upper limit leads to formation of a stable star with a higher baryon number but not the mass. The net mass of the two merging starts is reduced due to greater gravitational binding energy of the merger. The excess energy is radiated away, e.g., by neutrino emission or by other mechanisms.
In vector gravity there is no gravitational collapse of a star into a point singularity because such an object would have zero mass. Indeed, let us consider two static point masses separated by a distance R and assume that m 1 and m 2 are the values of masses at infinite separation. In vector gravity, static gravitational field is described by Eq. (26) 
The net mass of the system m is determined by the asymptotic of Eq. (140) at large r which gives
For R → 0 the net mass vanishes. If we gradually move masses closer to each other the net mass of the system decreases to zero due to negative contribution of the gravitational potential energy. A star collapsed to a point would also have zero kinetic energy (in the classical consideration) and, hence, the total energy of such collapsed object would be equal to zero. As a consequence, spatial point singularities do not exist in vector gravity. However, for simplicity, in many problems masses can be approximated as point masses similar to the concept of point charges in electrodynamics.
XIV. TESTS OF THE THEORY OF GRAVITY
In this section we compare predictions of the vector theory of gravity with observations. Refs. [2] [3] [4] provide a detail procedure of how to compare metric theories of gravity with experimental tests and show viability of the theory. Here we follow this procedure step by step and show that vector gravity passes all available tests.
Post-Newtonian limit. In vector gravity there is a preferred cosmological reference frame in which background vector gravitational field has only time component. This is a reference frame in which the large-scale distribution of matter is isotropic (presumably the rest frame of the cosmic background radiation). As we show in Sec. VII, in such cosmological frame in the postNewtonian limit, equations of the vector gravity as well as the boundary conditions are equivalent to those in general relativity. Thus, in any frame moving with a non relativistic speed with respect to the cosmological reference frame (such as our solar system) both theories remain equivalent provided we are not going beyond the post-Newtonian approximation. As a consequence, vector gravity yields the same values for the ten PPN parameters as general relativity [2] [3] [4] .
The post-Newtonian limit is sufficient to describe the gravitational physics of the solar system and the experimental tests one can perform there [2] [3] [4] . To some degree, it can also describe the gravity of binary-pulsar systems. Since vector gravity and general relativity are equivalent in the post-Newtonian limit, they both pass every highprecision test in the solar system, where gravitational fields are relatively weak. In those familiar precincts, they correctly predict redshifting, light deflection by a massive body, Shapiro time delay, precession of planetary orbits, the strict equivalence of gravitational and inertial mass, lack of the preferred-frame and preferred-location effects, etc.
Vector gravity, as well as general relativity, is built on the Einstein equivalence principle which states that matter is coupled in a universal manner to a single tensorial field, the metric. Extension of the Einstein equivalence principle to gravitational experiments is known as the strong equivalence principle which states that local gravitational physics is independent of the position and velocity of the local reference frame. Alternative theories of gravity involving additional fields or fixed background geometry tend to violate the strong equivalence principle [2] [3] [4] . However, since vector gravity is equivalent to general relativity in the post-Newtonian limit the vector gravity obeys the strong equivalence principle in this limit.
Gravitational radiation by binary pulsars. There are several tests of gravity beyond the solar system. Gravitational radiation by binary pulsars provides a tool for testing relativistic gravity. In general relativity, the gravitational waves emitted by a slowly-moving system are dominantly quadrupole and there is no monopole or dipole radiation. This is because the field equations of general relativity insist that monopole and dipole moments are the total mass and the total momentum of the system which are constants if the system is isolated [2] [3] [4] . There is no reason to expect that a generic alternative theory will predict the suppression of monopole and dipole emission. However, as we show in Sec. XII, for vector gravity there is no monopole and dipole radiation due to the same reason as for general relativity. Moreover, we show that in our theory the gravitational energy loss by binary stars is described by the same formula as in general relativity. Our analysis of Sec. XII is also valid for neutron stars which are relativistic objects. Energy loss by binary pulsars due to emission of gravitational radiation was measured for several systems and served as a quantitative test of Einstein equations for weak time-dependent field. The present theory also passes this test.
One should note that studies carried out in the wake of the discovery of the Hulse-Taylor binary pulsar in 1974 [47] revealed that a number of otherwise respectable alternative theories of gravity predicted the emission of the negative energy [2] . Once the orbital period of the binary pulsar was shown to decrease in response to the emission of gravitational waves (that is total energy of the binary system decreases with time), these theories were ruled out. Since in the present theory the graviton energy is negative in the classical limit, the vector theory of gravity would also predict emission of the negative energy by binary pulsars if we would not postulate that graviton is composed of fermion-antifermion pairs by analogy with the composite theory of photon.
One should mention that theories with negative graviton energy are somewhat appealing because they provide a natural mechanism of matter generation at the Big Bang without involving additional cosmological fields. In the present theory, as soon as fermion states are filled shortly after the Big Bang the matter generation stops and Universe subsequently evolves according to the usual hot Universe scenario. For filled vacuum the graviton energy becomes positive (see Sec. XI) and emission of a graviton corresponds to creation of fermion-antifermion hole pairs out of the filled fermion states. Since fermion states are filled in the present epoch the binary pulsars orbiting each other emit positive energy gravitons which, as we show in Sec. XII, yields exactly the same energy loss by the binary systems as predicted by general relativity.
Structure and motion of compact objects. Precise orbital data obtained for binary pulsars permits the direct measurement of the mass of a neutron star and the study of relativistic orbital effects (such as periastron shifts) in systems containing compact objects possessing strong gravitational field. In alternative theories of gravity, strong gravitational field involved in the neutron star can make significant differences in relativistic orbital effects. When dealing with a system such as the binary pulsar one must employ a method for deriving equations of motion for compact objects that involves solving the full relativistic equations for the regions inside and near each body, solving the post-Newtonian equations in the interbody region and matching these solutions [2] .
Most alternative theories of gravity possess additional gravitational fields (dynamical or fixed), whose values in the matching region can influence the structure of each body, and, as a consequence, affect its motion. Namely, mass of the compact object may depend on the boundary values of the auxiliary fields leading to modification of the body's motion. Thus, the location and velocity of the body relative to the external gravitational environment can affect its structure and motion. This is known as the preferred location and preferred frame effects. Orbital data obtained for binary pulsars show lack of such effects for compact objects at least in the V 2 /c 2 order, where V is the neutron star velocity [2] . Namely, observations show that binary pulsars move the same way as if they were weak-field post-Newtonian bodies.
Present vector theory of gravity contains an auxiliary nondynamical field, the flat Euclidean metric δ ik , which yields a possibility of the preferred frame and preferred location effects. In Appendix I we investigate this question and demonstrate lack of such effects for binary pulsars in the V 2 /c 2 order (this might also be valid in higher orders). Namely, we show that equivalent metric produced by a moving neutron star is independent of the external gravitational background and of the star velocity relative to the background. The metric is characterized only by the object's Kepler-measured mass M , and is independent of its internal structure. In the region far from the neutron star in the post-Newtonian limit the metric in our theory is given by the same formula as in general relativity. Thus, the matching procedure described above must yield the same result, whether the body is a neutron star of mass M or a post-Newtonian body of mass M . Therefore, in vector gravity motion of compact objects is described by the same equations as motion of weak-field stars and coincides with predictions of general relativity in the V 2 /c 2 order. Hence, vector gravity passes the binary pulsar test.
Cosmological test. Cosmology provides another important test of gravitational theories. As we show in Sec. IX, for cosmology the present theory gives the same evolution of the Universe as general relativity with cosmological constant and zero spatial curvature. Thus, vector theory of gravity passes the cosmological test and, in particular, provides the same explanation for the cosmic microwave background radiation and the helium abundance as general relativity. Moreover, vector gravity yields, with no free parameters, the value of the cosmological constant Ω Λ = 2/3 ≈ 0.67 which agrees with the recent Planck result Ω Λ = 0.686±0.02 [11] . Thus, vector gravity also passes the "dark energy" test.
Compatibility with quantum mechanics. Quantization of a viable classical theory must yield a quantum theory which is renormalizable and therefore can be used to make meaningful physical predictions. As we show in Sec. XI, quantum vector gravity is equivalent to QED for the filled fermion vacuum and, thus, it is a renormalizable theory. Hence, vector gravity passes the test on compatibility with quantum mechanics. On the other hand, general relativity and quantum field theory are incompatible.
Direct detection of gravitational waves by laser interferometers. Recently LIGO team reported first observation of a transient gravitational-wave signal from orbital inspiral and merger of two compact objects loosing their energy due to gravitational-wave emission [5] . Over 0.2 s, the signal increased in frequency and amplitude in about 8 cycles from 35 to 150 Hz, where the amplitude reached a maximum. Then waveform decayed undergoing damped oscillations (see top part of Fig. 5) . Interpretation of the signal in Ref. [5] is based on general relativity which yields that the merging objects are two black holes with masses 29 +4 −4 M and 36 +5 −4 M . Numerical relativity gives that at the maximum of the waveform amplitude the objects are separated by a distance r max ≈ 350 km [5] .
Here we discuss interpretation of the LIGO signal in the framework of vector gravity and calculate the gravitational radiation waveform. For simplicity we suppose that the two orbiting bodies have equal masses m and move with velocity V along circular trajectories of diameter r around their common centre of mass. In Schwarzschild coordinates, the line element for the Schwarzschild metric of a point mass m has the form the Schwarzschild radius is R S1 = 2Gm c 2 = 103 km which is comparable with the 350 km separation between objects at the peak of the waveform amplitude. Based on this observation, the decay of the radiation waveform in the LIGO signal is commonly interpreted as damped oscillations of two merging black holes relaxing to a final stationary Kerr configuration [5] . This interpretation, however, should be taken with caution due to general covariance of Einstein's theory. Recall that suitable nonlinear change of coordinates can make the value of the gravitational radius much smaller then spacing between two objects. For comparison with vector gravity that yields a spatially isotropic line ele-
(143) we must write Schwarzschild metric (142) in isotropic coordinates by making nonlinear coordinate transformation r → (1 + Gm/2c 2 r) 2 r. This transformation reduces the value of the Schwarzschild radius 4 times but changes r max only a little from 350 km to ≈ 300 km. In isotropic coordinates the Schwarzschild line element reads
(144) Eq. (144) gives that for m = 35M the radius of Schwarzschild sphere in isotropic coordinates is
which is much smaller then separation between objects at the onset of the waveform ringdown stage r max ≈ 300 km. In the post-Newtonian formalism the metric (144) is expanded in the small parameter
where V is the object velocity in the binary system which in the Newtonian gravity is given by
For r = r max Eq. (146) yields
and, therefore, decay of the radiation waveform in the LIGO signal actually begins at a relatively weak gravity. One should note that estimate (148) is independent of the value of mass m which factors out from equations. As a consequence, interpretation of the decaying part of the radiation waveform in isotropic coordinates is qualitatively different. Namely, the decay occurs at the stage of orbital inspiral when two objects are yet considerably far from their merger (see top part of Fig. 5 ). The LIGO signal becomes smaller than noise before the two objects actually start to merge.
To compare vector gravity with general relativity we plot g 00 component of the metric, given by Eqs. (143) and (144), as a function of separation between stars r for both theories. The result is shown in Fig. 5 (bottom) . General relativity yields solid line, while g 00 for vector gravity is shown as dashed line. Vertical lines in the plot separate three regions of the orbital inspiral, ringdown inspiral and merger of two neutron stars of 60 km radii and masses 35M . The figure demonstrates that g 00 in both theories is practically indistinguishable upto the point of merger.
Next we calculate the radiation waveform in vector gravity and show that it is compatible with the LIGO data. We assume that two compact stars with masses m move in the x − y plane along circular orbits of diameter r with tangential velocity V = rθ/2, where θ is the azimuthal angle in the x − y plane. Since the effects of gravity are expected to be relatively weak even during the ringdown stage the loss of the system's angular momentum L = mrV can be accurately described by the quadrupole formula [24] 
where components of the quadrupole moment tensor are
Keeping the leading order term we obtain
For Newtonian gravity V ∝ 1/ √ r and the left hand side of Eq. (149) can be written as 
In the wave zone perturbation of the metric due to gravitational wave propagating along the x−axis is given by [24] h 0y ∝D yx ∝ V 2 sin(2θ), h 0z = 0.
The signal of the LIGO-like interferometer with perpendicular arms in the y and z directions is proportional to
where for the orbital motioṅ
In Eqs. (150)- (152) we need to specify how orbital velocity V depends on the interstellar separation r. For Newtonian gravity the relation is given by Eq. (147). To go beyond Newtonian gravity we replace V (r) in Eqs. 
produced by approximately static companion star at the distance r. Metric (153) .
Introducing dimensionless velocity, distance and time
we find for the case of vector gravity
for general relativity. Substituting this into Eqs. (150)- (152) we obtain equations for the orbit decay r(t) and generated radiation waveform h(t). In the dimensionless coordinates the equations reaḋ
for vector gravity, anḋ r = − 1024 5
for general relativity. In these equations A and ϕ 0 are free (fitting) parameters that depend, in particular, on the unknown distance to the binary system and its initial phase of motion. Mass m is another free parameter that determines the scale of dimensional coordinates.
It turns out that Eqs. (156)- (158) and (159)-(161) are sufficiently accurate to describe the observed LIGO signal. In Fig. 6 we plot radiation wave strain h(t) To show that our result is compatible with the LIGO data we process the vector gravity radiation waveform of Fig. 6 using bandpass and spectral whitening algorithm described in the LIGO tutorial on signal processing [48] and compare the obtained waveform with the respectively filtered LIGO signal reported in Ref. [5] . The results are summarized in Fig. 7 . Top row shows strain h(t) as a function of time for the gravitational-wave event GW150914 observed by the LIGO Hanford detector (dotted line) [5] and the best fit waveform obtained in vector gravity (red solid line). All time series are filtered with a bandpass and band-reject filters in the same way as in Ref. [5] . Second row compares the LIGO Hanford signal with the best fit waveform of numerical relativity taken from Ref. [5] . Bottom row shows residuals after subtracting the filtered vector gravity and numerical relativity waveforms from the filtered detector time series. One can see that within the limits of detector noise both theories yield radiation waveforms which are compatible with the LIGO signal.
In Sec. XIII we show that in vector gravity stable neutron stars can have masses in the range of 30 ÷ 35M for a reasonable equation of state. Moreover, we show that masses of the two compact objects, 14.2 +8.3 −3.7 M and 7.5 +2.3 −2.3 M , obtained by the LIGO team in the second coincident signal GW151226 [6] also fit in the mass intervals for which neutron stars are stable. Thus, interpretation of the LIGO signals as orbital inspiral and merger of two massive neutron stars, rather than black holes, is plausible in vector gravity.
Polarization of gravitational waves in vector gravity differs from those in general relativity (see Sec. VIII C). Since only two interferometers were involved in the recent detection of gravitational waves by LIGO, the wave polarization was not measured. Simultaneous detection of a gravitational wave in multiple instruments would be able to determine the wave polarization. However, both in general relativity and vector gravity the polarization of gravitational waves emitted by binary stars is transverse which makes experimental differentiation between the two theories based on the polarization measurements a tricky problem.
XV. GALACTIC CENTERS AND DARK MATTER PROBLEM
In the present theory, static gravitational field is described by the equivalent exponential metric (23) . Metric (23) was also obtained in Refs. [21] [22] [23] [25] [26] [27] [28] [29] [30] . Exponential metric (23) predicts no black holes, but rather compact objects with no event horizon and finite gravitational redshift.
In recent years, the evidence for the existence of an ultra-compact concentration of dark mass at centers of galaxies has become very strong. However, a proof that such objects are black holes rather then compact objects without event horizon is lacking. If the present theory of gravity is correct then the compact supermassive objects at galactic centers are unlikely composed of baryonic matter. Indeed, as we show in Sec. XIII, mass of a compact (neutron star like) baryonic object with "causal" equation of state in vector gravity does not exceed a few dozen solar masses, but the objects at galactic centers possess masses upto a few 10 9 M . Even though there is no general proof that state of matter must obey the "causality" constraint dP/dε ≤ 1 it is unlikely that equation of state can be so stiff to make neutron starlike objects of billion solar masses stable. Hence, likely those objects are made of dark matter of non baryonic origin. This fact gives us an opportunity to determine composition of dark matter based on observations of supermassive objects at galactic centers.
In the previous paper [12] we found that properties of compact objects at galactic centers can be explained quantitatively assuming they are made of dark matter axions and the axion mass is about 0.6 meV. Analysis of Ref. [12] is based on the assumption that static gravitational field is described by the exponential metric (23) rather then by general relativity. A full time-dependent theory of gravity was unnecessary for calculations made in Ref. [12] . The present paper provides such a theory and justifies our previous choice of the exponential metric.
Axions are one of the leading particle candidates for the cold dark matter in the Universe [49] . Interaction of axions with QCD instantons generates the axion mass m and periodic interaction potential [50] 
where ϕ is a real scalar axion field and F is the PecceiQuinn symmetry breaking scale. The interaction potential (162) has degenerate minima V = 0 at ϕ = 2πnF , where n is an integer number. As a consequence, axions can form bubbles. Bubble mass is concentrated in a thin surface (interface between two degenerate vacuum states). In the exponential metric the potential energy of a spherical bubble with radius R is given by [12] U
where σ is the surface energy density and M is the fixed bubble mass. U (R) has a shape of a well. At R GM/c 2 one can omit gravity and U (R) 4πσR 2 is just a surface energy (tension) which tends to contract the bubble. At R GM/c 2 gravity effectively produces large repulsive potential which forces the bubble to expand. As a result, the bubble radius R(t) oscillates between two turning points.
In Ref. [12] , based on quantitative analysis of available data, we argued that such oscillating axion bubbles, rather then supermassive black holes, could be present at galactic centers. Recent observations of near-infrared and X-ray flares from Sagittarius A * , which is believed to be a 4 × 10 6 M black hole at the Galactic center, show that the source exhibits about 20-minute periodic variability [51] [52] [53] . An oscillating axion bubble can explain such variability. Known value of the bubble mass at the center of our Galaxy and its oscillation period yields the axion mass of about 0.6 meV. Size of the axion bubble at the center of the Milky Way oscillates between R min ≈ 1R and R max ≈ 1AU ≈ 210R .
Further, as shown in Ref. [12] , the axion bubbles with no free parameters (if we fix m = 0.6 meV based on Sagittarius A* flare variability) quantitatively explain the upper limit (a few 10 9 M ) on the supermassive "black hole" mass found in analysis of the measured mass distribution [54] . Also, with no free parameters the bubble scenario explains observed lack of supermassive "black holes" with mass M 10 6 M . For such low-mass bubbles the decay time t ∝ M 9/2 becomes much shorter then the age of the Universe and, as a result, such objects are very rare.
One should note that results of Ref. [12] describe bubbles which are already formed and relatively isolated. Thus, Active Galactic Nuclei whose bubbles are currently under formation or strongly interact with the galactic environment should be excluded. A sample of predominantly inactive galaxies for which direct supermassive "black hole" mass measurements have been catalogued shows lack of such objects with M 10 6 M (see Fig. 1  in [55] ). On the other hand, both limits on the bubble mass in Active Galactic Nuclei can be somewhat wider. For instance, in such galaxies, fast vaporization of a lowmass bubble could be reduced by the back flow of galactic axions into the bubble which extends its lifetime. Such a scenario leads to observable consequences. Namely, it predicts that at the low-mass end of the "black hole" vs host galaxy bulge mass diagram the "black hole" masses must be lower than predicted by the relation established using galaxies having predominantly higher-mass "black holes". In addition, at the low-mass end it should not be correlation between the "black hole" mass and bulge luminosity because bubbles loose mass fast on a time scale of the bulge evolution. Thus, a wide range of bubble masses can exist at almost the same bulge luminosity at the low-mass end. Observations support both these predictions [56] . "Black holes" with estimated mass in the range 10 5 − 10 6 M have been found in Active Galactic Nuclei and their masses lie substantially below the scaling relation defined by the massive systems [56] [57] [58] . In addition, at the lower end the measured "black hole" masses span a much wider range at fixed bulge luminosity [56] .
Observation of the Galactic center with a Very Long Baseline Interferometry (VLBI) within the next few years will be capable to test theories of gravitation in the strong field limit. Such an observation will allow us to distinguish between the black hole (predicted by general relativity) and the oscillating axion bubble scenario. A defining characteristic of a black hole is the event horizon. To a distant observer, the event horizon casts a relatively large "shadow" over the background source with an apparent diameter of about 10GM/c 2 ≈ 80R due to bending of light. The predicted size of this shadow for Sagittarius A* approaches the resolution of current radio-interferometers. Hence, there exists a realistic expectation of imaging the shadow of a black hole with the Event Horizon Telescope (EHT), a project to assemble VLBI network of millimeter wavelength dishes that can resolve strong gravitational field signatures near the supermassive object. As planned, the EHT will include enough dishes to enable imaging of the black hole shadow within the next few years [59] [60] [61] [62] [63] [64] . If the axion bubble, rather then a black hole, is present at the Galactic center, the steady shadow will not be observed. Instead, the shadow will appear and disappear periodically with a period of about 20 min. Discovery of periodic appearance of the shadow from the Galactic center object will also be a strong evidence for the axion nature of dark matter and will lead to an accurate prediction of the axion mass.
One should mention that intrinsic size of Sagittarius A* at a wavelength of 1.3 mm was determined using VLBA [65] . The intrinsic diameter of Sagittarius A* was found to be < 0.3AU≈ 65R which is less than the expected apparent size of the event horizon of the presumed black hole. Such observation might indicate lack of black holes, in agreement with the present theory.
Existence of dark matter axions with the predicted mass of about 0.6 meV can be experimentally tested in future ARIADNE [66] and Orpheus [67] experiments.
XVI. SUMMARY
Einstein's general relativity is an elegant theory of gravity which is based on the assumption that spacetime geometry is a tensor gravitational field. However, beauty of the theory does not guarantee that theory describes the nature. So far general relativity has passed all available tests of gravity. To the best of our knowledge, the vector theory of gravity we are proposing in this paper also passes all available tests as we discuss in Sec. XIV. General relativity, however, is incompatible with quantum mechanics and can not explain the nature of dark energy. In contrast, vector gravity is free of such drawbacks.
Our alternative theory of gravity is based on the assumption that gravity is a vector field in a fixed background four dimensional Euclidean space which is coupled to matter universally and minimally through the equivalent metric f ik which is a functional of the vector field. We show that present theory is the only possibility that can be obtained from this assumption.
There are several motivations for the vector theory of gravity. It provides an appealing explanation of how the difference between space and time appeared in the originally totally symmetric Euclidean Universe. Namely, the vector gravitational field breaks the symmetry of the four dimensional Euclidean space. Direction of the vector field gives the time coordinate, while perpendicular directions are spatial coordinates.
Vector gravity also suggests a natural mechanism of matter generation at the Big Bang. Namely, vector theory of gravity yields that at the moment of Big Bang the energy of gravitational waves is negative and, thus, matter can be created at the expense of generation of the negative energy gravitons. This mechanism has an analogy with emission of electromagnetic waves by an electric dipole (or a quadrupole) placed in a dispersionless medium with negative refractive index. In a medium with negative dielectric constant ε and negative magnetic permeability µ the energy density of the electromagnetic field
is negative. As a result, photons emitted by an oscillating dipole placed in such medium carry away negative energy yielding exponential growth of the dipole oscillations [68] . Thus, system is unstable with respect to generation of electromagnetic waves and acceleration of electric charges placed in such medium. For vector gravity the vacuum of empty fermion states acts as a dispersionless medium with negative refraction (see Appendix G). Such vacuum is unstable with respect to generation of gravitational waves and heating up the Universe. Vector gravity suggests that at the Big Bang the Universe was heated up by this mechanism. The vacuum instability leads to exponential growth of the gravitational field and matter generation. This is the era of cosmological inflation. Thus, vector gravity predicts the inflation stage. In vector gravity there is no need for an additional cosmological field that would supply energy for matter generation. However, such additional field, the inflaton, is a necessary ingredient of cosmological models based on general relativity for which graviton energy is always positive [69] .
At some point the heating of the Universe came to an end. Thus, it must be a mechanism which stopped the heating process. A need for it motivated us to postulate, by the analogy with the composite theory of photon, that in vector gravity the graviton is a composite particle formed of fermion-antifermion pairs and graviton emission corresponds to creation of such pairs. The constituent fermion is an elementary spin 1/2 massless particle which has positive and negative energy states. This assumption explains why heating of the Universe stopped. Since no more than one fermion can occupy the same quantum state the matter generation at the Big Bang has continued until fermion states were filled and the Universe became extremely hot. Subsequent evolution of the Universe is described by the usual hot Universe theory. The following expansion of the Universe practically did not change the fermion occupation number and fermion states remain filled in the present epoch.
These filled states act as a new vacuum for the evolution of the Universe after the heating stage. As we show in Sec. XI, for the filled vacuum the graviton energy is positive and, thus, vacuum is stable. For such vacuum, emission of a graviton corresponds to creation of fermionantifermion hole pairs out of the filled fermion states. Binary stars orbiting each other are loosing their energy by emitting positive energy gravitons. As we show in Sec. XII, the rate of the energy loss by the binary system is given by the same formula as obtained in general relativity. Thus, vector gravity also passes the binary pulsars tests.
For the Universe expansion the present theory gives the same answer as general relativity with cosmological constant and zero spatial curvature. However, zero spatial curvature of the Universe is a solution of our equations, while in general relativity the spatial curvature is a free parameter. Thus, vector theory of gravity does not have the Euclidicity problem, that is why space is almost perfectly Euclidean on large scales.
Moreover, the vector theory of gravity solves the dark energy problem. Namely, the theory yields, with no free parameters, the value of the cosmological constant Ω Λ = 2/3 ≈ 0.67 which agrees with the recent Planck result Ω Λ = 0.686±0.02 [11] . General relativity failed to predict the value of Ω Λ , but the present vector theory of gravity passes this cosmological test. This result is crucial since it points to the vector nature of gravity rather than a tensor field.
The present theory provides an explanation of the dark energy as the energy of longitudinal (div h = 0) gravitational field induced by the Universe expansion (see 0α in a similar way as electric current creates vector potential in classical electrodynamics. Spatial averaging of h over the local (shaded) region yields zero and, therefore, averaged metric is spatially isotropic. However, average energy density associated with h, w h = −c 2ḣ2 /32πG, does not vanish after spatial averaging. This energy is the mysterious dark energy. Contrary to matter, it has negative energy density and accelerates expansion of the Universe.
the Universe expansion produces matter current directed away from an observer. Such current generates longitudinal part of the vector gravitational field (similarly to generation of the vector potential by the electric current in classical electrodynamics) which possesses negative energy and accelerates expansion of the Universe 2 . Since value of the current depends on a reference frame the value of the cosmological constant Λ depends on the time t 0 at which the observer measures Λ. As we show in Sec. IX, the value of Λ is given by Λ = 2ρ/a 3 (t 0 ) and the contribution from the cosmological term to the expansion rate of the Universe at time t 0 is twice larger than those of matter in any reference frame. Therefore, according to our theory, Universe will expand forever at a continually decelerating rate, with expansion asymptotically approaching zero. This is what is expected for the flat Universe in absence of exotic forms of energy.
Mathematically, the cosmological term appears in vector gravity as a result of spatial averaging of the gravitational field equations. Namely, exact spatially inhomoge-2 Universe expansion induces non radiative longitudinal gravitational field which is not quantized. This is different from graviton which is a quantized transverse field. Since graviton is a composite particle there are constraints imposed by the Pauli exclusion principle on its generation. However, for the classical longitudinal field there are no such constraints.
neous equations yield that in the vicinity of time t 0 and r = 0 the solution for the equivalent metric is
where, according to Eq. (62),
That is h 0α is induced by the Universe expansion (more exactly by the acceleration of expansionḧ 00 ). Spatial averaging of h 0α in the local region yields zero because h 0α is an odd function of spatial coordinates x α . Therefore, the averaged metric f ik is spatially isotropic. However, since h 0α enters the evolution equation (58) The second term in Eq. (164) is the cosmological (dark energy) term which, according to Eq. (163), is equal to −4ḧ 00 (t 0 )/c 2 . The dark energy term appears because Universe expansion induces h 0α which itself affects Universe evolution. The value of the cosmological constant Λ in the effective nonlinear evolution equation (50) is determined by matching this equation with the local evolution of the Universe in the vicinity of the observer's time t 0 . As a consequence, the value of Λ depends on the average matter density at time t 0 , that is it depends on the observer's reference frame.
According to the vector gravity, the contents of the Universe are somewhat different from those predicted by general relativity. The total energy density w of the Universe in the effective cosmological model is given by Eq. (53)
which is the energy density in the fixed background Euclidean space. The net energy of the Universe is equal to zero (w = 0), and positive energy of matter is compensated by the negative energy of the gravitational field (see Fig. 1 ). Introducing X = a 2 one can rewrite Eq. (165) as an equation of energy conservation for a particle in an external potential U (X)
The term with Λ in U (X) decreases with increasing X, while the matter term increases. Thus, the cosmological Λ−term accelerates expansion of the Universe while matter causes deceleration. In the post-Newtonian limit the vector gravity gives the same answer as general relativity. As we explain in Sec. VII, the reason for such a coincidence is symmetry of the action S matter . Namely, in the post-Newtonian limit the symmetries of S matter coincide in both theories. By construction of both theories, the symmetries of S matter uniquely determine the whole classical theory of gravity. Thus in the post-Newtonian limit when symmetries of S matter coincide the two theories become equivalent.
For strong field, vector gravity gives a very different result and yields no singularities such as black holes. A defining characteristic of a black hole is the event horizon. So far there were no observations of the event horizon and, thus, a proof of black holes existence is lacking.
The current vector theory is not equivalent to general relativity even in the weak field limit. For example, it predicts different polarization of weak gravitational waves. As we show in Sec. XI, quantization of the vector gravitational field can be performed in a way similar to the quantization of electromagnetic field in the composite photon theory. Namely, gravitational field is decomposed into free field (corresponding to radiation) which is quantized assuming that graviton is composed of fermion-antifermion pairs and the remaining non radiative part of the field which is classical. In particular, the post-Newtonian limit as well as cosmological evolution of the Universe are described by the part of the gravitational field which is not quantized. As a result, classical field equations (21) are applicable for these problems.
We show in Sec. XI that quantization of the free transverse gravitational field for the filled vacuum yields quantum theory which is equivalent to QED. Thus, quantum vector gravity is also a renormalizable theory. At the moment of Big Bang the vacuum fermion states are empty. This is the classical limit of quantum vector gravity which yields classical evolution equations for the free gravitational field with negative energy of gravitational waves. As we show in Appendix G, classical equations for the weak gravitational field are analogous to Maxwell's equations in a medium with ε = µ = −1. For the filled vacuum (quantum limit) the classical equations (21) no longer describe radiation field. In this case the quantum mechanical treatment must be used to describe evolution of the radiation (quantized) part of the gravitational field. As we show in Sec. XI, quantum mechanical analysis yields that for the filled vacuum the equations for the radiation field are analogous to Maxwell's equations with ε = µ = 1 and the graviton energy is positive.
The present theory, if confirmed, can also lead to a break through in the problem of dark matter. Namely, the theory predicts that likely the supermassive compact objects at galactic centers have non baryonic origin and, thus, yet undiscovered dark matter particle is a likely ingredient of their composition. As a result, observations of such objects can allow us to predict the nature of dark matter. In the previous paper [12] we showed that properties of compact objects at galactic centers can be explained quantitatively assuming they are made of dark matter axions and the axion mass is about 0.6 meV. Analysis of Ref. [12] was based on the exponential metric (23) for the static gravitational field rather than general relativity. The present theory of gravity justifies our previous use of the exponential metric.
The vector theory of gravity can be tested in several ways. For example, one can examine gravity beyond the post-Newtonian limit in the solar system by improving the accuracy of Shapiro time delay experiment (time delay of a radar signal traveling near the Sun), or improving precision of the light deflection measurements by placing an optical interferometer with microarcsecond resolution into Earth orbit [70] . Vector gravity differs from general relativity in the post-post-Newtonian regime which has not been accurately tested to date. Future detection of gravitational waves from binary mergers with improved sensitivity or detection of merger events with louder signals might be able to constrain the higher-order postNewtonian parameters with a reasonable accuracy [8] . One can also test the vector theory of gravity by measuring polarization of gravitational waves which differs from those in general relativity 3 . Such measurement can be performed by detecting a signal from the same event by several LIGO-like interferometers [7] . Another possibility is to resolve the supermassive object at the center of our Galaxy with the Event Horizon Telescope. If general relativity is correct we must see a steady shadow from a black hole. If the present theory is right then shadow might appear and disappear periodically with a period of about 20 min as we predicted in [12] . Observation of such oscillations will also provide evidence for dark matter axion with mass in meV range.
Finally, we want to emphasize that vector gravity and general relativity are constructed in a unique way and have no adjustable parameters. Thus, both theories make fixed predictions and every new test of the theory is potentially a deadly test. A verified discrepancy between observation and prediction would kill the theory. Despite of fundamental differences, vector gravity and general relativity yield for the experimentally tested regimes quantitatively very close predictions which allowed both theories to hold up under extensive experimental scrutiny. In order to determine whether gravitational field has a vector or a tensor origin additional tests are required. Such tests are crucial for understanding of our Universe.
Although it is remarkable that general relativity (GR), born 100 years ago, has managed to pass many unambiguous observational and experimental tests, it actually requires patches. For example,
• GR is not compatible with quantum mechanics.
String theory and loop quantum gravity are attempts to patch it. On the contrary, quantum vector gravity is equivalent to QED and, thus, it is renormalizable theory -no patch is needed.
• GR can not explain why Universe is spatially flat. Models involving cosmic inflation are a patch. In contrast, in vector gravity the spatially flat Universe comes out as a solution of equations.
• GR does not provide a mechanism of matter generation at the Big Bang. Introduction of an additional field with negative energy, the inflaton, is a patch. In vector gravity the mechanism of matter generation is part of the theory. No extra fields are necessary.
• GR can not explain the value of the cosmological term. In contrast, vector gravity predicts the correct value of the cosmological constant without free parameters.
• Existence of space-time singularities for which geometry is ill-defined is a generic feature of GR. Schwarzschild solution describing a static black hole is an example of a curvature singularity, where geometrical quantities characterizing spacetime curvature, such as the Ricci scalar, take on infinite values. In GR such a singularity is unavoidable once the gravitational collapse of an object with realistic matter properties has proceeded beyond a certain stage. The cosmic censorship hypothesis stating that all realistic future singularities are safely hidden away behind a horizon, and thus invisible to all distant observers, is an attempt to mask the singularity problem. In contrast, stars in vector gravity do not collapse into a singularity. In vector gravity black holes do not exist and the end point of the gravitational collapse is a stable star with a reduced mass.
• GR is incompatible with the conservation laws. Namely, energy and momentum of the gravitational field do not form a tensor quantity under an arbitrary coordinate transformation. Recall that conservation laws reflect a symmetry of the background space-time, namely its homogeneity and isotropy. For example, Minkowski space-time possesses a 10−parameter symmetry group (4 translations through time and space, 3 reflections through a plane and boosts in any of the 3 spatial directions). In GR, which identifies gravitational field with the metric tensor g µν , the real space is a space with Riemannian geometry, and this does not admit symmetries corresponding to displacements and rotations that we have just mentioned [71] . As a consequence, conservation laws do not hold in GR. If we want to make a theory compatible with the conservation laws we must postulate existence of a fixed symmetric background geometry [71] . We do so in the present vector theory of gravity.
The mentioned arguments are strong indications of the vector, rather than a tensor, nature of the gravitational field.
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Appendix A: Derivation of the equivalent metric Metric tensor determines the line element for infinitesimal coordinate displacement dx
Let us consider vector field A k . The most general form of the equivalent metric f ik which can be constructed from the background Euclidean metric δ ik =diag(1, 1, 1, 1) and A k is
where F and G are scalar functions of
If we chose x 0 axis along the direction of A k then A k = (A, 0, 0, 0) and the equivalent metric is diagonal
To find a relation between F and G one can consider a particular case of gravitational field which has two nonzero components A 0 and A x and apply Einstein equivalence principle. Let us assume that a test particle moves along the x−axis under the influence of such field. Particle velocity is a function of time V = V (t) and the line element for the particle in the gravitational field reads
The same motion is obtained if the particle is at rest in Minkowski space-time, but the reference frame moves with velocity V (t). Making a change of coordinate x → x + t V (t )dt in the Minkowski line element
we obtain that the interval in the moving frame is
According to the Einstein equivalence principal, the interval (A4) must be equal to (A3) which yields three equations
Taking into account Eq. (A1) and
Equation (A6) fixes the relation between G and F for arbitrary A.
One should note that normalization of A k is not unique. Namely, A k can be multiplied by an arbitrary scalar function of A which yields another vector field. Our theory is independent of the field normalization and Eq. (A6) is the only constraint on the equivalent metric we have. For example, one can choose norm of A k such that
Then equivalent metric f ik is given by
Metricf ik inverse to f ik , defined asf ik f im = δ k m , reads
where A i = δ ik A k and the following relationships are satisfied
where f =det(f ik ). In Cartesian coordinate system if we chose x 0 axis along the direction of A k the equivalent metric reads Thus if C 1 = −6 and C 2 = 6 the action is invariant. The overall constant factor C in Eq. (B3) is obtained by matching the action (B3) with the Newtonian limit. The factor C must be independent of the background field φ 0 because such independence is one of the symmetries of S matter . The final expression for the action of weak gravitational field reads 
where G is the gravitational constant.
Arbitrary gravitational field
The most general form of the gravitational field action that can be constructed from the scalar φ and the unit vector u k in four dimensional Euclidean space δ ik is
The unknown functions F 1 , . . . , 
Thus in Eq. (B1)
h 00 = 2δφ, h 0α = 2 cosh(2φ 0 )u α .
In terms of h 00 and h 0α the action (B9) reads Matching this with the weak field limit action (B6) we obtain
The functions F 6 (φ) and F 7 (φ) yet remain undetermined, only their sum. In order to find these functions we need to investigate symmetries of the action in the higher order in the post-Newtonian expansion parameter
. The "order of smallness" is determined according to the rules that matter velocity is of order V ∼ 1/2 and gravitational constant G ∼ . Making change of functions h 0α = 2 cosh(2φ)u α ,
e 2Φ = e 2φ − 2 cosh(2φ)u 
and taking into account that h 0α ∼ 3/2 and dx α /dx 0 ∼ 1/2 we obtain the following expression for the square of the interval upto the terms of the 3 order
Interval (B15), and hence S matter , is invariant under transformation
Φ → Φ + a, h 0α → h 0α ,
where a is an arbitrary constant. Therefore, action for the gravitational field S gravity must also possess such symmetry in the 3 order. Taking into account Eqs. (B10)-(B12) and making change of functions (B13) and (B14) we obtain that S gravity upto the terms of the (B18) Please note that there is a factor 1/G in front of the integral and, hence, expression under the integral must be calculated upto the 4 order. Action (B18) is invariant under transformation (B16) and (B17) provided
where F is a constant independent of Φ. To find F we ought to dig symmetries deeper. Let us consider stationary gravitational field for which equivalent metric is independent of time and make the following gauge transformation
where ψ ∼ 3/2 is a function of spatial coordinates. Taking into account that
where T ik is the energy-momentum tensor of matter, we obtain that under the gauge transformation (B19) the action S matter transforms as
Using √ −f = e −2Φ and integrating by parts we find Keeping in mind that T α 0 = f 00 T 0α + f 0β T βα and f 00 = e 2Φ we find
Therefore, the last term in Eq. (B20) is of the order of 4 and, thus, action S matter is invariant under gauge transformation (B19) in the 3 order for stationary field. Now we apply gauge transformation (B19) to the action (B18). Keeping terms upto the 3 order we obtain that for stationary field S gravity transforms as S gravity → S gravity + F c Here we sketch how to derive equations for the gravitational field. The Lagrangian density has two parts
where L matter depends on the gravitational field via the equivalent metric f ik , while L g depends on the field explicitly. We treat φ and u α (α = 1, 2, 3) as independent functions. Then u Variational derivatives of L g in Eqs. (C1) and (C2) deal with derivatives of functions in L g in a usual way. Taking into account that [24] δS matter = − 1 2c
we obtain Plugging this in Eqs. (C1) and (C2) yields
Using
Equations (C3) and (C4) can be written in the form
where F is a scalar and B i is a vector which we find next. Equation (C5) gives
where we usedf (C9) Equation (C9) gives 
where T ik is the energy-momentum tensor of matter and T = T ik f ik . What is left is to calculate variational derivatives of L g and substitute them into Eqs. (C12). Straightforward but lengthy algebra yields Eqs. (21) .
where ∇φ = ∂φ/∂r, r = x α , V = ∂r/∂t is the particle velocity and
One can also find equation of particle motion (E2) directly from Lagrange's equation 
One can see that speed of light depends on the gravitational field φ and v ≤ c if φ is given by Eq. (28) with positive masses. By proper rescaling of coordinates in Eq. (E8) one can remove the factor e −4φ at any given point. Let us fix φ = 0 at infinite distance from masses. If an observer at infinity sends a light signal towards the Sun then near the solar surface φ < 0 and light will propagate with a smaller speed. This is the explanation of Shapiro time delay in the present theory of gravity. Light signal traveling the same distance arrives with a delay if the light trajectory passes near the Sun. The delay occurs because the speed of light is smaller near the solar surface.
Since Eq. (E8) does not contain t explicitly the photon frequency ω 0 (measured in time t) remains the same during light propagation. However, physical processes occur with different rates at different φ. Gravitational field (23) can be removed at a given point by rescaling time in the factor √ f 00 = e φ (t = τ /e φ ) and spatial coordinates by √ −f αα = e −φ . In such rescaled coordinates identical atoms emit light with equal frequencies ω ∝ ∂χ/∂τ = e −φ ∂χ/∂t. Thus we obtain
where ω 0 is the photon frequency measured in time t. Equation (E10) shows that if light emitted by an atom propagates into a region with larger gravitational potential then the detected light frequency is smaller then those an identical atom emits at the detection point. This phenomenon is known as gravitational redshift of light. Equation (E10) also shows that in our theory there are no black holes. Indeed for the gravitational field created by a point mass M : φ = −GM/c 2 r. Therefore if a photon is emitted at a distance r from the mass M with frequency ω then an observer at infinity will detect the photon with the energy
According to Eq. (E11) no matter how close the photon is emitted to the mass M the photon's energy at infinity never becomes zero. This means that photon can escape from the mass M from any distance. Such a conclusion is dramatically different from prediction of general relativity. In Einstein's theory photons become trapped by the mass M if they are emitted from a distance smaller then the event horizon (that is point mass M behaves as a black hole).
and, therefore, T 00 can be interpreted as the energy density of the system, while vector S α = cT 0α (the Poynting vector) is the flux density (the amount of energy passing through unit surface per unit time).
For weak gravitational field and nonrelativistic motion of masses the Lagrangian density reads
